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Description 

FIELD OF THE INVENTION AND RELATED ART 

This invention relates generally to an imaging meth- 5 
od for manufacture of microdevices. More particularly, 
in one aspect the invention is concerned with an imaging 
method or an illumination method therefor, suitably us- 
able in forming on a workpiece a fine pattern of a linew- 
idth of 0.5 micron or less. io 

The increase in the degree of integration of a sem- 
iconductor device has been accelerated more and more 
and, along such trend, the fine processing techniques 
have been improved considerably. Particularly, the op- 
tical processing technique which is major one of them ^5 
has been advanced to a level of submicron region, with 
the start of a 1 mega DRAM. A representative optical 
processing machine is a reduction projection exposure 
apparatus, called a "stepper". It is not too much to say 
that enhancement of resolution of this apparatus deter- 20 
mines the future of the semiconductor device. 

.Conventionally, the enhancement of resolution of 
the stepper mainly relies on enlarging the N.A, (numer- 
ical aperture) of an optical system (reduction projection 
lens system). Since however the depth of focus of an 25 
optical system is in inverse proportion to the square of 
the N.A., the enlargement of the N.A. causes an incon- 
venience of decreased depth of focus. In consideration 
of this, attempts have been made recently to change the 
wavelength of light for exposure, from the g-line to the 30 
i-line or to excimer laser light of a wavelength not longer 
than 300 nm. This aims at an effect that the depth of 
focus and the resolution of an optical system can be im- 
proved in inverse proportion to the wavelength. 

On the other hand, in a way separate from shorten- 3S 
ing the exposure wavelength, a method using a phase 
shift mask has been proposed as a measure for improv- 
ing the resolution. According to this method, a thin film 
is formed in a portion of a light transmitting area of a 
mask which film sen/es to provide a phase shift of 180 -*o 
deg. with respect to the other portion. The resolution RP 
of a stepper can be represented by an equation RP = 
kiX/N.A.. and usually the stepper has a k^ factor of a 
level of 0.7 - 0.8. With the method using such a phase 
shift mask, the level of the k^ factor can be improved to 4s 
about 0.35. 

However, there remain many problems to realize 
such phase shift mask method. Unsolved problems cur- 
rently remaining are such as follows: 

so 

(1 ) Satisfactory thin film forming technique for form- 
ing a phase shift film has not yet been established. 

(2) Satisfactory CAD (computer-aided designing) 
for design of a circuit pattern with a phase shift film 
has not yet developed. ss 

(3) Depending on a pattern, a phase shift film can- 
not be applied thereto. 

(4) In respect to the inspection and correction of a 



2 

phase shift film, satisfactory technique has not yet 
established. 

Use of a phase shift mask is disclosed for example 
in EP-A-437376. As stated, there remain many prob- 
lems to realise a phase shift mask method. 

It is an object of the present invention to provide a 
unique and improved imaging method suitable for man- 
ufacture of microdevices such as semiconductor micro- 
circuit devices. 

It is another object of the present invention to pro- 
vide a microdevice manufacturing method which uses 
such imaging method. 

It is a further object of the present invention to pro- 
vide an exposure apparatus for manufacture of micro- 
devices, which uses such imaging method. 

The invention provides a method of forming an im- 
age of a fine pattern having linear features extending in 
orthogonal first and second directions, said method 
comprising the steps of: illuminating the pattern with 
light from a light source, said light source having an in- 
tensity distribution such that the portions at a centre 
thereof and on first and second axes defined to intersect 
with each other at the centre and defined along the first 
and second directions respectively is decreased in com- 
parison with portions of the light source other than the 
centre portion and the portions along the first and sec- 
ond axes, wherein said light source comprises four sec- 
tions having substantially the same light intensity and 
being distributed in four quadrants defined by the centre 
and the first and second axes, wherein an image of the 
light source is projected onto a pupil of a projection op- 
tical system, and wherein on the assumption of a coor- 
dinate system defined by X and Y axes extending along 
the first and second directions and intersecting at a cen- 
tre of the pupil, and that the radius of the pupil is 1 , co- 
ordinates of the effective centres of intensity of the four 
sections are (p, p), {-p, p) (.-p, -p) and (p, -p). wherein 
0.25 < p < 0.6. 

The inventbn further provides a projection expo- 
sure apparatus for projecting an image of a pattem of 
an original on a workpiece, said apparatus comprising: 
and X-Y stage for supporting thereon the workpiece and 
being movable along X and Y directions in an X-Y coor- 
dinate system defined in said apparatus; means for 
forming a light source having an intensity distribution 
such that the portions at a centre thereof and on first 
and second axes defined to intersect with each other at 
the centre and defined along the X and Y directions, re- 
spectively is decreased in comparison with the portions 
of the light source other than the centre portion and the 
portions along the first and second axes; an illumination 
optteal system for illuminating the pattern of the original 
with light from said light source; and a projection optical 
system for projecting on the workpiece an image of the 
pattern illuminated with the light from said light source, 
wherein said light source comprises four sections hav- 
ing substantially the same light intensity and being dis- 
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tributed in four quadrants defined by the centre and the 
first and second axes, and wherein an image of the sec- 
ondary light source Is projected onto a pupil ot said pro- 
jection optical system, and wherein, on the assumption 
of a coordinate system defined by X and Y axes extend- 
ing along the first and second directions and intersecting 
at a centre ot the pupil, and that the radius ot the pupil 
is 1, coordinates of the effective centres of intensity of 
the four sections are (p. p). (-p, p). (-p, -p) and (p, -p), 
wherein 0.25 < p < 0.6. 

These and other objects, features and advantages 
of the present invention will become more apparent up- 
on a consideration of the claims and the following de- 
scription of the preferred embodiments of the present 
invention taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic view for explaining the prin- 
ciple of projection of an image of a fine pattern. 

Figures 2A and 2B are schematic views, respective- 
ly, wherein Figure 2 A shows a light distribution as pro- 
vided on a pupil by diffraction light from a conventional 
mask and Figure 2B shows a light distribution as pro- 
vided on a pupil by diffraction light from a phase shift 
mask. 

Figures 3A and 38 show a first embodiment of the 
present invention, wherein Figure 3A is a schematic 
view of an example of effective light source as formed 
on a pupil by zero-th order light in the first embodiment 
and Figure 3B shows another example of effective light 
source as formed on a pupil by zero-th order light in the 
first embodiment. 

Figure 4 is a graph for explaining frequency char- 
acteristics of a projection system which forms the effec- 
tive light source of the Figure 3A example and that of a 
projection system of conventional type. 

Figures 5 A - 5C show a second embodiment of the 
present invention, wherein Figure 5A is a schematic 
view of a projection exposure apparatus according to 
the second embodiment of the present invention, Figure 
5B is a front view of a stop member used in the second 
embodiment, and Figure 6C is a schennatic view of a 
cross filter used in the second embodiment. 

Figures 6 A and 68 show a third embodiment of the 
present invention, wherein Figure 6A is a schematic 
view of a projection exposure apparatus according to 
the third embodiment and Figure 6B is a front view of a 
stop member used in the third embodiment. 

Figure 7 is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a fourth em- 
bodiment of the present invention. 

Figure 8 is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a fifth embod- 
iment of the present invention. 

Figure 9 is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a sixth embod- 



iment of the present invention. 

Figure 10 is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a seventh em- 
bodiment of the present invention. 
5 Figure 11 is a fragmentary schematic view of a pro- 

jection exposure apparatus according to an eighth em- 
bodiment of the present invention. 

Figure 12 is a fragmentary schematic view of a pro- 
jection exposure apparatus according to a ninth embod- 
^0 iment of the present invention. 

Figure 13 is a schematic view of a main portion of 
- a projection exposure apparatus according to a tenth 
embodiment of the present invention. 

Figure 1 4 is a schematic view for explaining the re- 
^5 iationship between a pupil of a projection optical system 
and an optical integrator 

Figures 1 5A and 1 5B are schematic views, respec- 
tively, each showing the pupil of the projection optical 
system. 

20 Figure 16 is a schematic view of a stop member us- 
able in the present invention. 

Figures 1 7A and 17B are schematic views, respec- 
tively, each showing the manner of cabling a mercury 
lamp. 

25 Figure 18 is a schematic view of a main portion of 
a projection exposure apparatus according to a further 
embodiment of the present invention. 

Figures 1 9A and 1 9B are schematic views, respec- 
tively, for explaining the manner of insertion of a pyramid 

30 type prism used in another embodiment of the present 
invention. 

Figure 20 is a schematic view of a main portion of 
a projection exposure apparatus according to a still fur- 
ther embodiment of the present invention. 
55 Figure 21 is a schematic view of a main portion of 
a projection exposure apparatus according to a still fur- 
ther embodiment of the present invention. 

Figure 22 is a schematic view of a main portion of 
a projection exposure apparatus according to a yet fur- 
^0 ther embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

46 For better understanding of the present invention, 
description will be made first on details of the imaging 
of a fine pattern. 

Figure 1 shows the principle of image projection of 
a fine pattern 6. having a high frequency (pitch 2d is 

50 about several microns), through a projection lens sys- 
tem 7. The fine pattern 6 which is illuminated along a 
direction perpendicular to the surface thereof, diffracts 
the light inputted thereto. Diffraction lights caused there- 
by include a zero-th order diffraction light, directed in the 

55 same direction as the direction of advancement of the 
input light, and higher order diffraction lights such as 
positive and negative first order diffraction lights, for ex- 
ample, directed in directions different from the input 
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light. Among these diffraction lights, those of particular 
diffraction orders such as, for example, the zero-th order 
diffraction light and positive and negative first order dif- 
fraction lights, are incident on a pupi! 1 of the projection 
lens system 7. Then, after passing through the pupil 1 , 5 
these lights are directed to an Image plane of the pro- 
jection lens system, whereby an image of the fine pat- 
tern 6 is formed on the image plane. In this type of image 
fomr\ation, the light components which are contributable 
to the contrast of the image are higher order diffraction io 
lights. If the frequency of a fine pattern increases, it rais- 
es a problem that an optical system does not receive 
higher order diffraction lights. Therefore, the contrast of 
the image degrades and, ultimately, the imaging itself 
becomes unattainable. is 

Figure 2A shows a light distribution on the pupil 1 
in an occasion where the fine pattern 6 of Figure 1 is 
formed on a masl^ of conventional type, while Figure 2B 
shows a light distribution on the pupil 1 in an occasion 
where the fine pattern 6 is formed on a phase shift mask. 20 

In Figure 2A, about a zero-th order diffraction light 
3a, there are a positive first order diffraction light 3b and 
negative first order diffraction light 3c. In Figure 2B, on 
the other hand, due to the effect of a phase shift film a 
zero-th order diffraction light 5a is "extinguished" and 2s 
there are positive and negative first order diffraction 
lights 5b and 5c only. Comparing the cases of Figures 
2A and 2B, the following two points may be raised as 
advantageous effects of a phase shift mask upon the 
plane of spatial frequency, i.e., the pupil plane: 30 

(1) In the phase shift mask, the frequency is de- 
creased to a half. 

(2) In the phase shift mask, no zero-th order diffrac- 
tion light exists. 35 

Another point to be noted here may be that the 
spacing a between the positive and negative first order 
diffraction lights upon the pupil plane in the case of the 
phase shift mask corresponds to the spacing a between 40 
the zero-th order light and the positive (negative) first 
order diffraction light in the case of the conventional type 
mask. 

On the other hand, as regards the light distribution 
on the pupil 1, the conventional type mask and the -^5 
phase shift type mask show the same characteristic in 
respect to the position. What is the difference therebe- 
tween is the ratio of intensity of the amplitude distribution 
upon the pupil 1 . In the phase shift mask shown in Figure 
2B, the amplitude ratio among the zero-th order, positive 50 
first order and negative first order diffraction lights is 0: 
1:1, whereas in the conventional type mask shown in 
Figure 2A it is 1:2/7c:2/7l. 

tn accordance with one aspect of the present inven- 
tion, a light distribution similar to that to be produced by ^5 
a phase shift type mask can be produced on the pupil 
1. More specifically, according to this aspect of the 
present invention, in order to assure that, when a fine 



pattern 6 (rrxjre particularly, a fine pattern as having a 
spatial frequency that the k^ factor is about 0.5, as sug- 
gested in the introductory part of the Specification) is 
illuminated, a zero-th order diffraction fight is incident on 
the pupil 1 at a position off the center of the pupil 1 while 
a different diffraction light of higher order is similarly in- 
cident on a position off the center of the pupil 1 , an op- 
tical arrangement is provided to produce such effective 
light source that: it has a light quantity distribution in 
which, as compared with the light intensity in each of 
portions on a pair 0/ axes passing through the center of 
the pupil and extending along longitudinal and lateral 
pattern features of the fine pattern and as compared with 
with the light intensity in a portion around the center of 
the pupil, the light intensity in a portion other than these 
portions is higher. Preferably, there may be produced an 
effective light source in which the light intensity at each 
of the portions on the pair of axes passing through the 
center of the pupil and extending along the longitudinal 
and lateral pattern features of the fine pattern as well as 
the light intensity in the portion around the center of the 
pupil, are lowered to about zero. 

When such an effective light source is provided, of 
zero-th order and first order diffraction lights, for exam- 
ple (as produced as a result of illumination of a fine pat- 
tern of a k, factor of about 0.5. for example), the zero- 
th order diffraction light and one of the positive and neg- 
ative first order diffraction lights may be projected on the 
pupil 1 whereas the other of the positive and negative 
first order diffraction lights may be prevented from being 
projected onto the pupil 1 . This assures a light distribu- 
tion similar to that to be provided by a phase shift mask, 
on the pupil 1 . 

If in the present invention a single light beam is used 
for the illumination, the amplitude ratio of a pair of dif- 
fractran lights at the pupil 1 becomes ^:2/n, different 
from a desirable amplitude ratio of 1 :1 similar to that as 
attainable with a phase shift mask. However, according 
to the.analyses made by the inventors of the subject ap- 
plication, it has been found that: for resolving a longitu- 
dinal pattern feature of a mask, such a difference in am- 
plitude ratio can be substantially compensated by using, 
as the light to be obliquely projected on the mask (fine 
pattern), a pair of lights from a pair of light sources dis- 
posed symmetrically with each other with respect to a 
longitudinal axis of the pupil (an axis passing through 
the center of the pupil and extending along the longitu- 
dinal pattern feature) so as to produce on the pupil a 
pair of light patterns which are symmetrical with each 
other with respect to the longitudinal axis of the pupil; 
and that for resolving a lateral pattern feature of the 
mask, the difference in amplitude ratio can be compen- 
sated by using, as the light to be projected obliquely on 
the mask (fine pattern), a pair of lights from a pair of light 
sources disposed symmetrically with each other with re- 
spect to a lateral axis of the pupil (an axis passing 
through the center of the pupil, extending along the lat- 
eral pattern feature and being perpendicular to the ton- 
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gitudinal axis of the pupil) so as to produce a pair of light 
patterns which are symmetrical with each other with re- 
spect to the lateral axis of the pupil. 

For resolving a mask pattern having longitudinal 
and lateral pattern features, two illumination light 
beams, tor example, may be used and projected ob- 
liquely to the mask so as to produce an effective light 
source having, on the pupil, a light quantity distribution 
with a pair of peaks of substantially the same intensity 
at those positions: which are symmetrical with each oth- 
er with respect to the center of the pupit. and which are 
located along a first axis passing through the center of 
the pupil and extending with an angle of about 45 deg. 
with respect to the X and Y axes. Also, four illumination 
light beams, for example, may be used and projected 
obliquely to the mask so as to produce an effective light 
source having, on the pupil, a light quantity distribution 
with (i) a pair of portions of substantially the same inten- 
sity at those positions: which are symmetrical with each 
other with respect to the center of the pupil, and which 
are located along a first axis passing through the center 
of the pupil and extending with an angle of about 45 deg. 
with respect to the X and Y axes and (ii) with a pair of 
portions of substantially the same intensity at those po- 
sitions: which are symmetrical with each other with re- 
spect to the center of the-pupil, which are located along 
a second axis passing through the center of the pupil 
and extending with an angle of about 90 deg. with re- 
spect to the first axis, and which are at substantially cor- 
responding locations with respect to the pair of positions 
on the first axis and the center of the pupil. 

A first embodiment of the present invention will be 
explained with reference to Figures 3A and 3B, wherein 
Figure 3A shows a light distribution of zero-th order dif- 
fraction light on the pupil 1 of Figure 1, while Figure 3B 
shows a distribution of effective light source on a pupil 
plane. 

In the drawings, denoted at 1 is a pupil; denoted at 
X is a lateral axis of the pupil (an axis passing through 
the center of the pupil and extending along a lateral pat- 
tern feature); denoted at y is a longitudinal axis of the 
pupil (an axis passing through the center of the pupil, 
extending along a longitudinal pattern feature and being 
perpendicular to the x axis); and denoted at 2a, 2b, 2c 
and 2d are portksns of an effective light source. 

In these two examples, the effective light source has 
a distribution generally consisting of four portions. Each 
portion (light pattern) has a distribution of circular shape.- 
If the radius of the pupil 1 is 1.0, the pupil center is at 
the origin of coordinate and the x and y axes are the 
orthogonal coordinate axes, then in the Figure 3A ex- 
ample the centers of the portions 2a, 2b, 2c and 2d are 
at the positions (0.45, 0.45), (-0.45, 0.45). (-0.45. -0.45) 
and (0.45, -0.45), and the radius of each portion is 0.2. 
In the Figure 3B example, the centers of the portions 2a. 
2b, 2c and 2d are at the positions (0.34, 0.34), (-0.34, 
0.34). (-0.34. -0.34) and (0.34. -0.34), and the radius of 
each portion is 0.25. 



The effective light source according to this embod- 
iment is teaturized in that: when the pupil plane is divid- 
ed into four quadrants by the x and y axes defined on 
the pupil plane, as staled above, each portion 2a. 2b, 
5 2c or 2d is defined in corresponding one of the quad- 
rants and also these portions are defined in a symmet- 
rical relationship and defined independently of each oth- 
er, without overlapping. Here, the x and y axes for the 
division of the quadrants correspond to x and y axes, for 
10 example, used for the design of an integrated circuit pat- 
tern and they correspond to the directions of elongation 
of longitudinal and lateral pattern features of a mask. 

The shape of the effective light source according to 
this embodiment is determined in specific consideration 
15 of the directivity of longitudinal and lateral pattern fea- 
tures of a fine pattern whose image is to be projected, 
and it is featurized in that: the centers of the four circular 
portions 2a • 2d are just on ± 45 deg. directions (the 
directions along a pair of axes passing through the cent- 
re er of the pupil 1 and extending with angles of ± 45 deg. 
with respect to the x and y axes). In order to produce 
such an effective tight source, a light source (secondary 
light source) having the same shape and the same re- 
lationship, with respect to the x and y axes, as that illus- 
25 trated may be provided on a plane optically conjugate 
with the pupil 1 and four illumination light beams from 
the provided light source may be projected obliquely to 
a fine pattern at the same angle of incidence and along 
two orthogonal planes of incidence (each two light 
30 beams in a pair). This assures that: linear pattern fea- 
tures extending along the x axis are illuminated oblique- 
ly by the light beams projected along the paths which 
are symmetrical with each other with respect to the 
plane of incidence including the x axis; while linear pat- 
3S tern features extending along the y axis are illuminated 
obliquely by the light beams projected along the paths 
which are symmetrical with each other with respect to 
the plane of incidence including the y axis. 

It is important that the four portions 2a - 2d of the 
40 effective light source have substantially the same inten- 
sity. If the intensity ratio changes, any defocus of a wafer 
during the printing thereof, for example, causes defor- 
matton of the image of a circuit pattern. For this reason, 
preferably the four illumination light beams are so set as 
46 to provide the same intensity. As regards the intensity 
distribution of each of the four portions 2a - 2d, it may 
be determined as desired. For example, it may be a uni- 
form intensity distribution wherein the whole range is at 
a peak level, or it may be a non-uniform intensity distri- 
ct? bution wherein the peak is only at the center This means 
that the four illumination light beams may take various 
forms in accordance with the form of an effective light 
source to be provided on the pupil 1. As an example, 
while in this embodiment the four portions of th effective 
55 light source are separated from each other and thus no 
light pattern is produced in a portion other than the tour 
portions, the four portions of the effective light source 
may be formed to be continuous with the intervention of 
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lower intensity light patterns. 

The distribution (shape) of each of the four portions 
2a - 2d of the effectlvo light source is not limited to a 
circular shape. However, it is desirable that, independ- 
ently of the shape, the centers of the four portions or the 
gravity centers of their intensity distributions, i.e. the ef- 
fective centres of intensity, are in a symmetrical relation- 
ship and are on the ± 45 deg. directions with respect to 
the X and y axes, as in the examples of Figures 3A and 
3B. 

For further enhancement of resolution, i.e., in an at- 
tempt to adopting an arrangement of an optimum effec- 
tive light source adapted to provide a system of lower 
k-i level, it is seen from the comparison of Figure 3A with 
Figure SB that the gravity center position of each portion 
2a, 2b, 2c or 2d of the effective light source in each quad- 
rant displaces away from the center ot the pupil 1 and. 
as a result, the diameter of each independent portion 
2a. 2b, 2c or 2d in corresponding quadrant decreases. 

Illustrated in Figures 3A and 3B are two types of 
effective light sources expected. In practical design, an 
effective light source similar to these two types may be 
used, since, if the gravity center position of each portion 
of the effective light source is too far from the center of 
the pupil 1, a problem ot decrease of light quantity, for 
example, may result (in the respect of convenience in 
design of the optical system). 

According to the investigations on that point made 
by the inventors, it has been found that: in the coordinate 
and the pupil 1 shown in Figures 3A and 3B, if each of 
a pair of portions 2a and 2c which are in the first and 
third quadrants, respectively, and which are spaced 
from each other has a circular shape and a radius q and 
if the center positions (gravity center positions) of the 
first and second portions 2a and 2c are at coordinates 
(p. p) and (-p, -p), respectively, then good results are 
obtainable by satisfying the following conditions: 

0.25 < p < 0.6 

0.15 < q < 0.3 

It is to be noted that the size and position of each of the 
remaining portions 2b and 2d in the second and fourth 
quadrants are determined naturally from the symmetry 
of them to the portions 2a and 2c in the first and third - 
quadrants. Also, It has been found that, even in a case 
where each portion of the effective light source has a 
shape other than a circular shape, such as. for example, 
triangular or rectangular, preferably the above condi- 
tions should be satisfied. In such case, the radius of a 
circle circumscribing each portion may be used as the 
value of q. In the examples shown in Figures 3A and 3B, 
each quantity is near the middle of the range defined by 
the corresponding condition. The quantities of p and q 
may change in dependence upon a desired linewidth of 



a fine pattern which is required to be projected by a used 
optical system (illumination system/projection system). 

In a currently used stepper, an effective light source 
has a peak at a center (x, y) = (0, 0) of a pupil 1 . In this 

5 type of apparatus, it is said that the coherence factor (a 
level) is 0.3 or 0.5, and this means that it has an effective 
light source distribution having a radius of 0.3 or 0.5 
aboutthecenterof the pupil 1. According to the analyses 
n^de by the inventors, it has been found that: if an e1- 

10 fective light source is positioned close to the pupil cent- 
er, for example, if the o level is in a range not greater 
than 0.1, it provides an advantage that when defocus 
occurs a high contrast can be retained mainly in regard 
to a relatively wide linewidth (a linewidth to which the 

15 above-described factor is not less than 1). However, 
such advantage as obtainable when defocus occurs di- 
minishes quickly as the k^ factor becomes close to 0.5. 
If the k, factor goes beyond 0.5, in a strict case the con- 
trast of an image is lost fully. What is most required cur- 

20 rently is the improvement in defocus performance at a 
k^ factor level not greater than 0.6 and, in cases where 
the k-i factor is at about this level, the presence of an 
effective light source adjacent to the pupil center has an 
adverse effect on the imaging. 

25 As compared therewith, the effective light source 
having been described with reference to the first embod- 
iment has a snnall k^ factor. For the imaging in respect 
to a k^ factor of about 0.5, it provides an advantageous 
effect of retaining a high contrast when defocus occurs. 

30 Since in the example of Figure 3A each of the portions 
2a - 2d of the effective light source is located outwardly, 
as compared with those of the Figure 3B example, it pro- 
vides a superior high frequency characteristic as com- 
pared with the Figure 3B example. It is to be noted that, 

35 in a portion of the effective light source spaced away 
from the pupil center, the defocus characteristic is such 
that, up to a k^ factor of about 1, the depth of focus is 
maintained substantially at a constant level. 

Figure 4 shows the relationship between the reso- 

"fo lution and the depth of focus in a case where the exam- 
ple of Figure 3B is applied to an i-line stepper having a 
N. A. of 0.5, the calculations having been made on as- 
sumption that the defocus in a range satisfying the con- 
trast of an optical image of 70 % is within the depth of 

45 focus (tolerance). Curve A in the drawing depicts the re- 
lationship between the resolution and the depth of focus 
in the case of the conventional method (a = 0.5) using 
a conventional reticle, while curve B depicts the relation- 
ship between the resolution and the depth of focus in 

50 the case of the Figure 3B example. If the limit of the 
depth of focus of a stepper which may be practically ad- 
mitted is set to be equal to 1 .5 micron, then the limit of 
resolution is 0.52 micron in the case of the conventional 
method. As compared, in the case of the Figure 3B ex- 

55 ample, the resolution is improved to about 0.4 micron. 
This corresponds to an improvement of about 30 % in 
terms of ratkt, which is considerably large in the field to 
which the present invention pertains. In effect, a resolu- 
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tion of about 0.45 (k^ factor) is easily attainable. 

The present invention in this aspect differs from 
what can be called a "ring illumination method" wherein 
no effective light source is formed at the pupil center, in 
that: on the pupil 1 , the effective light source has a peak 
neither on the x axis nor on the y axis corresponding to 
the direction of the longitudinal pattern feature or the lat- 
eral pattern feature of the fine pattern. This is for the 
reason that, if the effective light source has a peak on 
the X axis or the y axis, the contrast of an image de- 
grades largely and thus a large depth of focus is not ob- 
tainable. It has been confirmed that, in respect to the 
image projection of a fine pattern mainly consisting of 
longitudinal and lateral pattern features, the present in- 
vention assures formation of an image of improved im- 
age quality as compared with that obtainable by the ring 
illumination method. 

The light quantity (light intensity) in each principal 
portion of the effective light source of the present inven- 
tion may be either uniform or non-uniform such as a 
Gaussian distribution. 

Figures 5A, 5B and 5C show a second embodiment 
of the present invention and illustrate a semiconductor 
device manufacturing exposure apparatus arranged to 
project an image of a fine pattern in accordance with an 
aspect of the invention. 

Denoted in the drawings at 11 is a ultra-high pres- 
sure Hg lamp having its light emitting portion disposed 
at a first focal point of an elliptical mirror 12; denoted at 
14, 21, 25 and 27 are deflecting mirrors; and Idenoted 
at 15 is an exposure control shutter. Denoted at ICS is 
a field lens; denoted at 16 is a wavelength selecting in- 
terference fitter; denoted at 17 is a cross ND (neutral 
density) filter; denoted at 18 is a stop member having a 
predetermined aperture; denoted at 19 is an optical in- 
tegrator having its light receiving surface disposed at a 
second focal point of the elliptical mirror 1 2; and denoted 
at 20 and 22 are lenses of a first imaging lens system 
(20, 22). Denoted at 23 is a half mirror; denoted at 24 is 
a masking blade device having a rectangular aperture 
for defining a region of ilium inatk^n on a reticle; denoted 
at 26 and 28 are lenses of a second imaging lens system 
(26, 28); and denoted at 30 is a reticle having formed 
thereon an integrated circuit pattem mainly consisting 
of longitudinal and lateral pattern features (grid-like lin- 
ear features) of a minimum linewidth of about 2 microns. 
Denoted at 31 is a reduction projection lens system for 
projecting the circuit pattern of the reticle 30 in a reduced 
scale of 1 :5; denoted at 32 is a wafer coated with a resist; 
denoted at 33 is a wafer chuck for holding the wafer 32 
by attraction; and denoted at 34 is an X-Y stage for sup- 
porting the wafer chuck 33 and being movable in x and 
y directions of an X-Y coordinate system defined in the 
exposure apparatus in relation to the X-Y stage. Denot- 
ed at 35 is a glass plate having formed thereon a light 
blocking film with an aperture 35a at its center; denoted 
at 36 is a casing having an aperture formed in its top 
surface; denoted at 37 is a photoelectric converter pro- 



vided in the casing 36; and denoted at 38 is a mirror 
which is a component of a laser interferometer (not 
shown) for measuring the amount of movement (x axis) 
of the wafer stage 34. Denoted at 40 is a light blocking 

5 plate having a predetermined aperture, which is dis- 
posed at a position optically equivalent to the light re- 
ceiving surface of the blade 24 so that, like the blade 24, 
the light beams err^anating from the lenses of the optical 
integrator 19 are overlapped one upon another on the 

10 plate 40. Denoted at 41 is a condensing lens for collect- 
ing light passed through the aperture of the tight blocking 
plate 40; and denoted at 42 is a quartered detector 

As is well known in the art, usually a circuit pattern 
of a retkjie (mask) is designed with reference to orthog- 

^5 onal axes (coordinates) so that longitudinal pattern fea- 
tures and lateral pattern features of the pattern extend 
along these axes, respectively. When such a reticle is 
introduced into a projection exposure apparatus, the ret- 
icle is placed on a reticle stage with reference to x and 

20 y axes of an X-Y coordinate system defined in the ex- 
posure apparatus, with the orthogonal design axes of 
the reticle placed exactly or substantially aligned with 
the X and y axes of the exposure apparatus. Also, the 
the X-Y stage on which a wafer is placed has an X-Y 

25 coordinate system with x and y axes along which the X- 
Y stage is movable. These x and y axes of the X-Y stage 
are designed to be exactly or substantially corresponds 
to the X and y axes of the exposure apparatus. Thus, 
when a reticle is placed in the exposure apparatus, usu- 

30 ally the directions of longitudinal and lateral pattern fea- 
tures of the reticle are placed in exactly or substantially 
alignment with the x and y axes defined in the exposure 
apparatus, respectively, or with the x and y axes along 
which the X-Y stage moves. 

55 A structural feature of this apparatus resides in the 
filter 1 7 and the stop member 1 8 disposed in front of the 
integrator 19, As shown in Figure 5B, the stop member 
18 comprises an aperture stop with a ring-like aperture, 
for blocking the light near the optical axis of the appa- 

^0 ratus, and it serves to define the size and shape of an 
effective light source on the pupil plane of the projection 
lens system 31. The center of the aperture is aligned 
with the optical axis of the apparatus. On the other hand, 
as shown in Figure 5C, the filter 17 comprises four ND 

45 filters which are disposed, as a whole, in a cross-like 
shape. These four ND filters serve to attenuate the in- 
tensity of light, projected to four zones in the ring-like 
aperture of the stop member 18, by 10 - 100 %. These 
four zones correspond respectively to the portions on 

50 the pupil plane of the projection lens system 31 which 
portions include four points on the x and y axes corre- 
sponding respectively to the directions of the longitudi- 
nal and lateral pattern features of the retk:le 30. By 
means of this filler 17. the light intensity at the central 

55 portion of a secondary light source as formed at the light 
emitting surface of the integrator 19 as well as the light 
intensity along the x and y axes, intersecting with each 
other at the center of the secondary light source, are 
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attenuated and, as a result, the light intensity of the ef- 
fective light source along the x and y axes on the pupil 
plane of the projection lens system 31 is attenuated. 

The reticle 30 is held on a reticle stage, not shown. 
The projection lens system 31 may be designed with re- 
spect to light of l-line (wavelength 365 nm) as selected 
by the filter 16. The first and second imaging lens sys- 
tems (20, 22; 26, 28) are so set as to place the light 
emitting surlace of the integrator 1 9 and the pupil plane 
of the projection lens system 31 in an optically conjugate 
relationship, while the second imaging lens system (26, 
28) is so set as to place the edge of the aperture of the 
blade device 24 and the circuit pattern of the reticle 30 
in an optically conjugate relationship. The blade device 
24 comprises four light blocking plates each having a 
knife-edge like end and each being movable independ- 
ently of the others so as to allow adjustment of the size 
of the aperture in accordance with the size of the inte- 
grated circuit pattern on the reticle 30. The position of 
each light blocking plate is controlled in response to a 
signal from a computer (not shown) provided tor the 
overall control of the apparatus, and the size of the ap- 
erture is optimized to the reticle 30 used. While not 
shown in the drawings, the exposure apparatus is 
equipped with a reticle alignment scope to be used for 
aligning the reticle 30 with respect to the exposure ap- 
paratus as well as an off -axis alignment scope disposed 
beside the projection lens system 31 , for aligning the 
wafer 32 with respect to the reticle 30. 

The half mirror 23 serves to reflect a portion of light 
from the integrator 1 9, and the reflected light is projected 
through the aperture of the light blocking plate 40 and 
is collected by the condensing lens 41 upon the quar- 
tered detector 42. The detector 42 has a light receiving 
surface disposed to be optically equivalent to the pupil 
plane of the projection lens system 31 , and a ring-like 
effective light source as formed by the stop member 18 
is projected on this light receiving surface. Each detector 
section of the detector 42 produces a signal correspond- 
ing to the intensity of light impinging on the surface of 
that sectk:>n. By integrating the output signals of the sec- 
tions of the detector 42, an integration signal for the 
opening/closing control of the shutter 15 is obtainable. 

The components 35-37 disposed on the X-Y stage 
34 provide a measuring unit tor examination of the per- 
formance of the illumination system above the reticle 30. 
For the examination of the illumination system, the X-Y 
stage 34 moves to a predetermined position to place the 
measuring unit at a position just below the projection 
lens system 31. In this measuring unit, tight emanating 
from the illumination system and reaching the image 
plane of the projection lens system 31 is directed 
through the aperture 35a of the glass plate 35 and the 
aperture of the casing 36 to the photoelectric converter 
37. The light receiving plane of the aperture 35a is 
placed at the image plane position of the projection tens 
system 31 and. It necessary, by using an unshown focus 
detecting system (a sensor of well known type, for de- 



tecting the level of the wafer 32 surface) as well as a 
measuring unit provided in the X-Y stage 34, the level 
of the aperture 35a in the direction of the optical axis of 
the apparatus may be adjusted. The glass plate 35 is 

5 attached to the casing 36, and the casing 36 has formed 
therein an aperture as described. !n this example, the 
measuring unit is so arranged that the aperture of the 
casing 36 is dtsplaceable to the aperture of the glass 
plate by a predetermined amount. The aperture of the 

10 casing 36 is placed at such location at which the N.A. at 
the image plane side of the projection lens system 31 is 
large and also which is spaced sufficiently from the im- 
age plane. As a result, at the light receiving plane of the 
aperture of the casing 36, the same light distribution as 

IS provided on the pupil plane of the projection lens system 
31 is produced. In this embodiment, such measuring 
unit is not used. How the measuring unit is to be used 
will be described later with reference to an embodiment 
to be described hereinafter. 

20 In this embodiment: through the function of the filter 
17 and the stop member 18, an effective light source 
having a generally ring-like shape but having decreased 
intensity portions, including four zones on the x and y 
axes corresponding to the directions of the longitudinal 

25 and lateral pattern features of the reticle 30. as com- 
pared with the intensity of the other portions, is defined 
on the pupil plane of the projection lens system 31 ; by 
means of the illumination system (11, 12. 14, 15, 105, 
16. 17, 18. 19, 20, 21, 22. 23. 24, 25. 26, 27 and 28). 

30 the circuit pattern of the reticle 30 is illuminated with uni- 
form illuminance; and an image of the circuit pattern is 
projected by the projection lens system 31 upon the wa- 
fer 32, whereby the image of the circuit pattern is trans- 
ferred (printed) onto the resist of the wafer 32. The effect 

35 of such projection exposure is as has been described 
hereinbefore and, with light of i-line. a Tine pattern of 0.4 
micron can be recorded on the resist of the wafer 32 
sharply and stably. 

While In this example the filter 1 7 and the stop mem- 

40 ber 18 are disposed in front of the integrator 19, they 
may be disposed just after the integrator, partrcuiariy at 
a location which is optically conjugate with the pupil 
plane of the projection lens system 31. Further, a stop 
member 18 which is shown in Figure 6B and is used in 

45 a third embodiment, to be described later, may be used 
in substitution for the filter 17 and the stop member 18. 

Figures 6A and 6B show a third embodiment of the 
present invention which is another example of semicon- 
ductor device manufacturing projection exposure appa- 

50 ratus wherein an image of a fine pattern is projected in 
accordance with a method of the present invention. 

In the drawings, corresponding elements or those 
elements having corresponding functions as those In 
Figures 5A - 5C, are denoted at the same reference nu- 

55 merals. Comparing the apparatus of this embodiment 
with that of Figures 5A - 5C, the former differs from the 
latter in that: as shown in Figure 6B, the aperture of the 
stop member 16 comprises four separate apertures; in 
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place of thd cross ND filter, four separate fitters 1 7a« 1 7b, 
1 7c and 1 7d corresponding respectively to the separate 
apertures of the stop nriember 18 are used; and a pyra- 
mid-like prisnn 1 3 is inserted between the mirrors 12 and 
14. 

In this embodiment, the output of the quartered de- 
tector 42 is used not only for the opening/closing control 
of the shutter 1 5 but also for a different purpose or pur- 
poses. Additionally, the measuring unit (35 - 37) is used. 

Now, referring mainly to the differences of the 
present embodimeni to the preceding embodiments, 
advantageous features of the present embodiment will 
be explained. 

If the integrator 1 9 is illuminated with light from the 
Hg lamp 1 1 , without using the prism 1 3, the filters 1 7a - 
17d and the stop member 18, then a secondary light 
source having a light quantity distribution, like a Gaus- 
sian distribution, with a high peak at Its center is formed 
on the light exit surface of the integrator 19. Since the 
light exit surface of the integrator is optically conjugate 
with the pupil plane of the projection lens system 31 , an 
effective light source having a peak of light quantity dis- 
tribution, at the center of the pupil, is formed on this pupil 
plane. As described hereinbefore, the effective light 
source to be used in this aspect of the present invention 
is one as having a light quantity distribution with no peak 
at the pupil center and, therefore, it is necessary to block 
the light impinging on a portion about the center of the 
integrator 19. If, however, the stop member 18 is dis- 
posed simply in front of the integrator 1 9, a large portion 
of the light from the Hg lamp is intercepted and thus the 
loss of light quantity is large. In consideration thereof, in 
the present embodiment the pyramid-like prism 1 3 is in- 
terposed just after the elliptical mirror 12 to control the 
illuminance distribution on the optical integrator 19. 

The Hg lamp 11 is so disposed that its light emitting 
portion coincides with the first focal point position of the 
elliptical mirror 12, and the light emanating from the Hg 
lamp 11 and reflected by the elliptical mirror 12 is trans- 
formed by the prism 13 into four light beams deflected 
in different directions. These four light beams are reflect- 
ed by the mirror 14 and reach the position of the shutter 
1 5. If the shutter 1 5 is open, the light beams are incident 
on the filter 16. By this filter 16, the iltne component is 
selected out of the emitted light spectrums of the Hg 
lamp 11, for ensuring the best performance of the pro- 
jection lens system 31 for the projection of an image of 
the reticle 31 on a resist (photosensitive layer) of the 
wafer 32. 

The four light beams from the filter 16 pass through 
the field lens 105 and then impinge on the filters 17a - 
17d, respectively, which are important components of 
this embodiment. These four filters serve as a correcting 
means for making the light quantities of the four light 
beams substantially uniform to thereby correct the sym- 
metry in light quantity of four portions of the effective 
light source as formed on light exit surface of the inte- 
grator 19 and thus that as formed on the pupil plane of 



the projection lens system 31 . If adjustment of the light 
quantity attenuating function of each filter is desired, dif- 
ferent types of ND filters may be prepared for each filter 
so that they may be used selectively. Alternatively, each 
5 filter may be provided by an interference filter and, by 
utilizing the band narrowness of th.e interference fitter, 
the interference filter may be fitted to effect the adjust- 
ment. 

The stop member 18 receives the four light beams 

10 from the filters 17a - 17d. As shown in Figure SB, the 
stop member 18 has four circular apertures which cor- 
respond tothe four light beams from the fitters 17a- 17d, 
in a one-to-one relationship. Thus, the integrator 19 is 
illuminated with four light beams from the four apertures 

'5 of the stop member 1 8, whereby an effecfive light source 
such as shown in Figure 3A and corresponding to the 
apertures of the stop member 18, is formed on the light 
exit surface of the integrator 19 and thus on the pupil 
plane of the projection lens system 31 . 

20 Usually, the apertures of the stop member 18 each 
may have a shape corresponding the outer configura- 
tion of each of small lenses constituting the integrator 
19. If, therefore, each small lens of the integrator has a 
hexagonal sectional shape, each aperture may be 

25 formed with a hexagonal shape like the sectional shape 
of the small lens. 

The light from the optical integrator 1 9 goes by way 
of the lens 20, the mirror 21, the lens 22 and the half 
mirror 23 to the blade device 24. Here, the light beams 

30 from the lenses of the integrator 1 9 are superposed one 
upon another on the plane of the blade device 24, 
whereby the blade device 24 is illuminated with uniform 
illuminance. Also, the half mirror 23 serves to reflect a 
portion of each light beam from each lens of the integra- 
ls tor 1 9, and the light blocking plate 40 is illuminated with 
the refiected light. Light passing through the aperture of 
the light blocking plate 40 is collected by the lens 41 on 
the quartered detector 42. 

The light passing through the aperture of the blade 

40 device 24 is directed by the mirror 25, the lens 26, the 
mirror 27 and the lens 28 to the reticle 30. Since the 
aperture of the blade device 24 and the circuit pattern 
of the reticle 30 are in an optically conjugate relation- 
ship, the light beams from the lenses of the integrator 

45 1 9 are superposed one upon another, also on the reficle 
30. Thus, the reticle 30 is illuminated with uniform illu- 
minance, and an image of the circuit pattern of the reficle 
30 is projected by the projection lens system 31 . 

The detector sections of the quartered detector 42 

so correspond respectively to four separate portions of the 
effective light source such as shown in Figure 3A, and 
each section is able to detect the light quantity in each 
corresponding portion independently of the others. By 
combining the outputs of all the sections, the opening/ 

55 closing control for the shutter 1 5 can be effected, as de- 
scribed hereinbefore. On the other hand, by mutually 
comparing the outputs of the sections, any unbalance 
in proportbn of the light quantities at the respective por- 
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tions of the effective light source can be checked. Here, 
calibration among tKe detector sections of the quartered 
detector 42 is effective for enhanced reliability of the un- 
balance check. Such calibration will be described later. 

The shape of the effective light source formed on 5 
the pupil plane of the apparatus corresponds to the 
shape of the integrator 19. Since the integrator 19 itsetf 
is provided by a combination of small lenses, in a micro- 
scopic sense the light quantity distribution of the effec- 
tive light source comprises a combination of discrete io 
ones each corresponding to the shape of each lens. 
However, in a macroscopic sense, a light quantity dis- 
tribution such as shown in Figure 3A is provided. 

In this embodiment, the light quantity monitor 
means (23 and 40 - 42) and the measuring unit (35 - 37) is 
are used to check the light quantity distribution of the 
effective light source. To this end, the X-Y stage 34 is 
moved to place the measuring unit (35 - 37) to a position 
just below the projection lens system 31 . In this meas- 
uring unit, light emanating from the illumination system 20 
and reaching the image plane of the projection lens sys- 
tem 31 is directed through the aperture 35a of the glass 
plate 35 and the aperture of the casing 36 to the photo- 
electric converter 37. The light receiving plane of the ap- 
erture 35a is placed at the image plane position of the 25 
projection lens system 31 . The glass plate 35 is attached 
to the casing 36 and, as described, the casing 36 has 
an aperture at a center thereof. In this example, the 
measuring unit is so arranged that the aperture of the 
casing 36 is displaceable to the aperture of the glass 30 
plate 35 by a predetermined amount. When illumination 
is provided with the illumination system of this embodi- 
ment, on the top of the casing 36, four portions of an 
effective light source such as shown in Figure 3A are 
provided. The size and shape of the aperture of the cas- 3S 
ing 36 can be changed, as the aperture of the blade de- 
vice 24. By changing the size and/or the shape of the 
aperture by means of a driving system (not shown), it is 
possible to detect each of the four portions of the effec- 
tive light source independently of the others or, alterna- 
lively, it is possible to detect the four portions of the ef- 
fective light source at once. On the other hand, the pho- 
toelectric converter 37 has a light receiving portion of an 
area sufficient to receive all the light passing through the 
aperture 35a of the glass plate 35. If the area of the light 4S 
receiving portion of the photoelectric converter 37 is too 
targe and the response characteristic of the electrical 
system degrades, a condensing lens may be inserted' 
between the glass plate 35 and the photoelectric con- - 
verter 37 to collect the light from the aperture 35a of the so 
glass plate 35. This is effective to reduce the area of the 
light receiving portion 0I the photoelectric converter 37 
to thereby improve the response characteristte. Further, 
if desired, the uniformness of the illuminance on the im- 
• age plane can be measured by moving the X-Y stage 55 
34 along the image plane while holding the aperture ot 
the casing 36 in a state for concurrent detection of all 
the four portions of the effective light source. 



The result of measurement of the light quantity (in- 
tensity) in each portion of the effective light source ob- 
tained through cooperation of the movement of the cas- 
ing 36, is compared with an output of corresponding one 
of the detector sections of the quartered detector 42 at 
the illumination system side. Namely, the photoelectric 
converter 37 at the X-Y stage 34 side is used as a ref- 
erence detector for calibration of the output of the quar- 
tered detector 42. This allows stable monitoring any 
change with time of the effective light source. Then, any 
unbalance in light quantity of the portions of the effective 
light source can be detected by means of the quartered 
detector 42 or the photoelectric converter 37, and light 
quantity matching of the portions of the effective light 
source can be done by using the filters 17a - 17d. 

In this embodiment: through the function ot the stop 
member 16 shown in Figure 6B, an effective light source 
not having any peak of light quantity distribution on the 
X or y axis, corresponding to the directions of the longi- 
tudinal and lateral pattern features of the reticle 30, or 
at the pupil center (optksal axis), is defined by zero-th 
order light on the pupil plane of the projection lens sys- 
tem 31 , while on the other hand, by means of the Illumi- 
nation system (11, 12. 13, 14, 15. 16, 17. 18, 19, 20, 21. 
22. 23, 24, 25, 26, 27 and 26), the circuit pattern of the 
reticle 30 is illuminated with uniform illuminance. Thus, 
an image of the circuit pattern is projected by the pro- 
jection lens system 31 upon the wafer 32, whereby the 
image of the circuit pattern is transferred to the resist of 
the wafer 32. The effect of such projection exposure is 
as has been described hereinbefore with reference to 
Figures 3 and 4 and, with the use of light of i-line. a fine 
pattern of 0.4 micron can be recorded on the resist of 
the wafer 31 sharply and stably. 

Figure 7 is a fragmentary schematic view of a fourth 
embodiment of the present invention, which is an im- 
proved form of the semiconductor device manufacturing 
projection exposure apparatus of Figure 6. The ele- 
ments of Figure 7 corresponding to the Figure 6 embod- 
iment are denoted by the same reference numerals as 
of Figure 6. 

In the drawing, denoted at 11 is a ultra-high pres- 
sure Hg lamp, and denoted at 12 is an elliptical mirror. 
In this example, light emanating from the elliptical mirror 
12 is divided by a combination of beam splitters (51 - 
53). More specifically, in order to provide an effective 
light source having four portions such as shown in Fig- 
ure 3 A, the light emanating from the elliptical mirror 12 
is divided sequentially by means of a first beam splitter 
61 and a second beam splitter 53. Denoted at 52 is a 
deflecting mirror for deflecting the light path. The second 
beam splitter 53 is disposed obliquely across the light 
paths of the two light beams as divided by the first beam 
splitter 51 , and it serves to divide each of the two light 
beams advancing along the sheet of the drawing and to 
deflect a portion of each of the two light beams in a di- 
rection perpendicular to the sheet of the drawing. The 
remaining portion of each of the two light beams, not 
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deflected, goes along the sheet of the drawing, as illus- 
trated. A nnirror optical systern (not shown) Is disposed 
on the path of that portion of light as deflected by the 
second beam splitter 53. and it serves to reflect and di- 
rect that portion of light along a path parallel to the path s 
of light not deflected by the second beam splitter. In this 
manner, by means of the beam splitters 51 and 53 and 
the mirror 52 as well as the unshown mirror optical sys- 
tem, the light path is divided into four light paths. These 
light paths are then combined so as to form a secondary io 
light source with a light distribution such as shown in 
Figure 3A, on the light exit surface of the integrator 19. 
As a result, on the pupil plane of the projection lens sys- 
tem 31 , an effective light source such as shown in Figure 
3A is formed, is 

On the two divided light paths which are present on 
the sheet ot the drawing, relay lenses 61a and 62a are 
disposed, respectively. These relay lenses 61 a and 62a 
serves to collect the light beams, advancing along the 
respective paths, on the integrator 19. Since the inser- 20 
tion of the first beam splitter causes a difference in op- 
tical path length between these two light paths, the relay 
lenses 61 a and 6 1 b are slightly different from each other 
in respect to the structure and the focal length. This Is 
also the case with an additional pair of relay lenses (not 2s 
shown) which are disposed on the pair of light paths, not 
shown in the drawing. 

Denoted at 63 is a shutter which can be controlled 
(opened/closed) for each of the four light beams provid- 
ed by the beam splitters 51 and 53. Denoted at 1 6a and 3o 
1 6b are wavelength selecting filters disposed on the two 
divided light paths, respectively, which are present on 
the sheet of the drawing. While not shown in the draw- 
ing, similar filters are disposed on the two light paths 
which are not on the sheet of the drawing. These Alters 35 
each serves to extract the i-line component out of the 
light from the Hg lamp, as the filter 16 of the preceding 
embodiment. Denoted at 17a and 17b are Alters dis- 
posed on the two divided paths in the sheet of the draw- 
ing, each for adjusting the light quantity in a correspond- 
ing portion of the effective light source. Similar filters are 
disposed on the two light paths not included in the sheet 
of the drawing. These filters have a similar function as 
of the filters 17a - 17d of the preceding embodiment. 

In this embodiment, the light path to the integrator 4S 
is divided into four and, for this reason, the integrator is 
provided by a combination of four small integrators. Be- 
cause of the relationship ol superposition of light paths, 
only two integrators 1 9a and 1 9b are illustrated in the 
drawing. Since the structure after the integrators is sIm- so 
ilarto that of the preceding embodiment, further descrip- 
tion will be omitted for simplicity. 

Figure 8 is a fragmentary schematic view of a flfth 
embodiment of the present invention, showing a semi- 
conductor device manufacturing projection exposure ss 
apparatus wherein an image of a fine pattern is project- 
ed in accordance with a method of the present invention. 

In the apparatus of this embodiment, the position of 



an effective light source is changed with time to thereby 
form an equivalent effective light source as of that 
shown in Figure 3A is formed on the pupil plane, and 
the image of a circuit pattern is projected. In Figure 8, 
the elements corresponding to those of the preceding 
embodiments are denoted by the same reference nu- 
merals. Thus, denoted at 11 is a ultra-high pressure Hg 
lamp; denoted at 1 2 is an elliptical mirror; denoted at 14 
is a deflecting mirror; denoted at 15 is a shutter; denoted 
at 16 is a wavelength selecting Alter; and denoted at 19 
is an optical integrator. The unshown portion, after the 
projection lens system 31 , has the same structure as of 
the preceding embodiments. 

An important feature of this embodiment resides in 
that a flat parallel plate 71 which is movable with Ame is 
disposed after the integrator 19. The parallel plate 71 is 
disposed obliquely to the optical axis of the illumination 
optical system, and it is swingable to change the angle 
with respect to the optical axis, as illustrated, to shift the 
optical axis. This means that, if the integrator 1 9 is ob- 
served through the flat parallel plate 71 . from the reAcle 
30 side, the integrator 19 appears moving up and down 
or left and right with the swinging movement of the par- 
allel plate 71. In this example, the parallel plate 71 is so 
supported that it can be moved also rotationally about 
the optical axis. Therefore, by rotationally moving the 
parallel plate 71 while retaining its inclination of a pre- 
determined angle to the optical axis, upon the pupil 
plane of the projection lens system 31 it is possible to 
place a single effective light source at a desired position 
on a circumference of a certain radius, spaced from the 
optical axis (pupil center). For actual exposure opera- 
tion, the parallel plate 71 is moved and, when the single 
effective light source comes to a desired position, the 
attitude of the parallel plate is Axed and the exposure is 
effected for a predetermined time period. Such opera- 
tion is executed four times so as to provide a single light 
source at each of the four portions of the effective light 
source as shown in Figure 3A and, then, the exposure 
of one shot area (of the wafer) is completed. 

In this embodiment, the Hg lamp 1 1 is used as a 
light source. If a light source of pulse emission type such 
as an excimer laser is used, the parallel plate 71 may 
be moved uninterruptedly and the exposure control may 
be such that the light source is energized when the par- 
allel plate 71 comes to a predetermined position. In such 
case, conveniently an excimer laser is used as a light 
source and the period of rotation of the parallel plate 71 
about the opAcal axis may be selected to be matched 
with the emission repetition frequency of the excimer la- 
ser. As an example, if a used laser emits at 200 Hz. then 
efficient exposure is attainable by so controlling the 
number of revolutions of the parallel plate that the effec- 
tive light source displaces to an adjacent quadrant in re- 
sponse to each light emission. 

Where the system is arranged so that a single ef- 
fective light source displaces with time, the effective light 
source portions (distributions) as defined in different 
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portions ol the pupil are provided by the light energy 
from one and the same light source and, therefore, it is 
easy to set, at the same Intensity, the effective light 
source portions to be separately defined on the pupil 
plane. This is the very reason why the filter 17, used in s 
the preceding embodiments for correction of light quan- 
tity of the effective light source, is not provided. 

Referring back to the drawing, the light passing 
through the parallel plate 71 goes by way of a lens 72, 
a half mirror 73 and a lens 74, and it illuminates the ret- io 
icle 30 uniformly. Since the first imaging optical system 
used in the preceding embodiments is not used in this 
embodiment, a blade device 74 separate from the blade 
device 24 of the preceding embodiments is provided in 
the neighbourhood of the reticle 30. The blade device 
74 has a similar structure and a similar function as of 
those of the blade device 24, and the size of the aperture 
thereof can be changed in accordance with the size of 
the circuit pattern formed on the reticle 30. 

The mirror 73 serves to reflect almost all the portion 
of the light inputted thereto, but it also serves to transmit 
and direct a portion of the input light to a light quantity 
monrtor, provided for exposure control. Denoted at 35 is 
a condenser lens, and denoted at 76 is a pinhole plate 
which is disposed at a position optically equivalent to 2S 
that of the reticle 30. Light from the mirror 73 is collected 
by the condenser lens 75 upon the pinhole plate 76, and 
light passing through the pinhole plate 76 Is received by 
a photodetector 77. The photodetector 77 produces a 
signal corresponding to the intensity of light impinging 30 
on it. On the basis of this signal, an unshown computer 
of the apparatus controls the opening/ciosing of the 
shutter 15. It is to be noted here that, since in this em- 
bodiment it is not necessary to monitor the light quantity 
ratio of the portions of the effective light source, the pho- 3S 
lodetector 77 may be of a type other than a quartered 
detector. 

In this embodiment: while an effective light source 
such as shown in Figure 3A is defined on the pupil plane 
of the projection lens system 31 , the circuit pattern of 
the reticle is illuminated with uniform illuminance. Thus, 
an image of the circuit pattern of is projected by the pro- 
jection lens system 31 . whereby the image of the circuit 
pattern is transferred to the resist of the wafer. The effect 
of such projection exposure is as has been described 
hereinbefore, and a fine pattern of 0.4 micron can be 
recorded on the resist of the wafer 32 sharply and stably. 

Figure 9 is a fragmentary schematic view of a sixth 
embodiment of the present invention, showing a semi- 
conductor device manufacturing projection exposure so 
apparatus wherein an image of a fine pattern is project- 
ed in accordance with a method of the present invention. 

In this embodiment, a KrF excimer laser 81 (center 
wavelength 248.4 nm and bandwidth 0.03 - 0.05 nm) is 
used as a light source. Important features reside in that: 
since the excimer laser 81 is of pulse emission type, no 
shutter is provided and the exposure control is done 
through the actuation control of the laser itself: and, 
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since the laser itself is equipped with a filter and the 
bandwidth of laser light is narrowed, no wavelength se- 
lecting fitter is provided. The beam splitters 51 and 53, 
the mirror 52, the filter 17 and the integrator 19 have a 
similar function as those of the embodiment shown in 
Figure 7. The portion afterthe integrator 1 9 is of a similar 
structure as shown in Figure 6A, except for that a pro- 
jection lens system (not shown) is provided by a lens 
assembly designed with respect to a wavelength 248.4 
nm and consisting of silica (main component). 

In the excimer laser 61, the laser light has high co- 
herency and, therefore, it is necessary to suppress pro- 
duction of a speckle pattern. To this end, in this embod- 
iment, an incoherency applying unit 62 is provided at a 
position after the light is divided by the beam splitter 
group (51 - 53). While many proposals have been made 
as to how to remove the speckle in an illumination optical 
system using an excimer laser, the provision of an ef- 
fective light source in accordance with the present in- 
vention is essentially compatible to them, and various 
known methods may be used. In consideration of this, 
details of the unit 82 are omitted here. 

In this embodiment: while an effective light source 
such as shown in Figure 3A is defined on the pupil plane 
of the projection lens system 31 through the illustrated 
illumination optical system (17, 19, 51, 52, 53 and 82), 
the circuit pattern of the reticle is illuminated with uni- 
form illuminance. Thus, an image of the circuit pattern 
of is projected by the projection lens system 31 , whereby 
the image of the circuit pattern is transferred to the resist 
of the wafer. The effect of such projection exposure is 
as has been described hereinbefore, and a fine pattern 
of 0.3 - 0.4 micron can be recorded on the resist of the 
wafer 32 sharply and stably 

Figure 1 0 is a fragmentary schematic view of a sev- 
enth embodiment of the present invention, which is an 
improved form of the apparatus of the sixth embodiment 
shown in Figure 9. 

In this embodiment, laser light from a laser 81 is di- 
vided into four light beams by a reflection type pyramid- 
like prism. While in the apparatus of Figure 6 a trans- 
mission type pyramid-like prism 13 is used for the light 
division, the same effect is attainable by using reflection 
type one. As a matter of course, the structure of this as- 
pect of the present invention can be realized by using a 
ultra-high pressure Hg lamp but. in this example, a KrF 
excimer laser is used as a light source. The laser light 
emanating from the laser 81 is transformed into an ap- 
propriate beam diameter by means of an afocal beam 
converter 91 and, after this, it enters a pyramid-like 
prism 92. The arrangement of the pyramid-like prism is 
so set that four reflection surfaces thereof are oriented 
to define, as a result, an effective light source such as 
shown in Figure 3B, at the pupil position of the projection 
lens system (not shown). Denoted at 93 are mirrors for 
deflecting the lights as divided and reflected by the re- 
flection surfaces of the prism 92. The portion after the 
mirrors 93 has a simitar structure as of the apparatus of 
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Figure 9, whereas the portion after the integrator 1 9 has 
a similar structure as of Figure 6A, except for that the 
unshown projection lens system is provided by a lens 
assembly designed with respect to a wavelength 248.4 
nm and consisting of silica (rr^in component). s 

Also in this embodiment: while an effective light 
source such as shown in Figure 3A is defined on the 
pupil plane of the projection lens system 31 through the 
illustrated illumination optical system (17. 19, 91 , 92, 93 
and 82), the circuit pattern of the reticle is illuminated io 
with uniform illuminance. Thus, an image of the circuit 
pattern of is projected by the projection lens system 31 , 
whereby the image of the circuit pattern is transferred 
to the resist of the wafer. The effect of such projection 
exposure is as has been described hereinbefore, and a 
fine pattern of 0.3 - 0.4 micron can be recorded on the 
resist of the wafer 32 sharply and stably 

Figure 11 is a fragmentary schematic view of an 
eighth embodiment of the present invention, showing 
another form of semiconductor device manufacturing 20 
projection exposure apparatus wherein an image of a 
fine pattern is projected in accordance with a method of 
the present invention. 

In this embodiment, an illumination system using a 
bundle of fibers 1 01 is shown. The fiber bundle 101 has 25 
a light entrance surface disposed at a position whereat 
light from a ultra-high pressure Hg lamp 11 is focused 
by an elliptical mirror 12. Light beams are propagated 
through the fibers and are directed to the light entrance 
surfaces of the integrators 19. The end portion of the 30 
fiber bundle remote from the uttra-high pressure Hg 
lamp 11 , that is, the end portion at the light exit surface 
thereof, is branched into four bundles corresponding re- 
spectively to the portions of the effective light source 
shown in Figure 3A. Filters 17 are disposed at the exits 3S 
of the fiber bundles, respectively, for adjustment of light 
quantities in the portion of the effective light source. The 
optical arrangement of the remaining portion of the ap- 
paratus is provided by the same structure as thai of the 
Figure 8 embodiment. However, as a photodetector for ^0 
the light quantity monitoring, a quartered detector 102 
is used to detect the balance of light quantities from the 
fiber bundles (i.e. four portions of the secondary light 
source and thus four portions of the effective light 
source). The detector sections of the quartered detector 4S 
102 correspond to the exits of the four integrators 19, 
respectively. 

In this embodiment: while an effective light source 
such as shown in Figure 3A is defined on the pupil plane - 
of the projection lens system 31, the circuit pattern of 50 
the reticle is illuminated with uniform illuminance; and 
an image of the circuit pattern of is projected by the pro- 
jection lens system 31 , whereby the image of the circuit 
pattern is transferred to the resist of the wafer The effect 
of such projection exposure is as has been described 
hereinbefore, and a fine pattern of 0.4 micron can be 
recorded on the resist of the wafer 32 sharply and stably 

Figure 1 2 is a fragmentary schematic view of a ninth 



embodiment of the present invention, showing another 
example of semiconductor device manufacturing pro- 
jection exposure apparatus wherein an image of a fine 
pattern is projected in accordance with a method of the 
present invention. 

In this embodiment, an illumination system is pro- 
vided by using a plurality of light sources. In this exam- 
ple, ultra-high pressure Hg lamps 11a and 11b are used. 
However, it is a possible alternative to use an excimer 
laser and to construct a laser optical system, that is, an 
optical system for a parallel beam of small divergence 
angle. 

While not shown in the drawing because of super- 
position, four ultra-high pressure Hg lamps are used in 
this embodiment. Light beams from these four Hg lamps 
enter a concave lens 1 03. Then the light passes through 
a wavelength selecting interference filter 1 6 and four fil- 
ters, for the adjustment of light quantities in the portions 
of the effective light source, and is received by the inte- 
grators 1 9. The optical arrangement after the integrators 
19 is similar to that of the Figure 11 apparatus, and an 
effective light source such as shown in Figure 3A is 
formed on the pupil plane of the projection lens system 
31 . Thus, also in this embodiment, an image of the cir- 
cuit pattern of the reticle 31 is projected on the wafer, 
whereby the image of the circuit pattern of the reticle is 
transferred to a resist of the wafer The effect of such 
projection exposure is as has been described hereinbe- 
fore, an a fine pattern of 0.4 micron can be recorded on 
the resist of the wafer, sharply and stably. 

In the semiconductor device manufacturing projec- 
tion exposure apparatus having been described in the 
foregoing, the arrangement of the effective light source 
on the pupil plane is fixed. However, as described in the 
introductory portion of the Specification, the parameter 
p representing the center position of each portion of the 
effective light source and the parameter q representing 
the radius of each portion or the radius of a circle cir- 
cumscribing it as well as the shape of each portion of 
the effective light source are to be optimized in accord- 
ance with a circuit pattern which is the subject of the 
projection exposure. In consideration thereof, it is desir- 
able to arrange the system so that in each embodiment 
the parameters p and q, for example, are made change- 
able. By way of an example, in an embodiment which 
uses the stop member 18, a stop member having a var- 
iable aperture shape may be used therefor or, alterna- 
tively, different stop members having apertures of differ- 
ent shapes may be prepared. 

Further, the apparatuses described hereinbefore 
are those for the manufacture of semiconductor devic- 
es. However, the invention is not limited to the projection 
of an image of an integrated circuit pattern. That is, the 
invention is applicable to many cases wherein an image 
of an article having a fine pattern mainly consisting of 
longitudinal and lateral pattern features, is to be project- 
ed through an optical system. 

Further, while in the apparatuses described herein- 
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before the image projecting optical system comprises a 
lens system, the invention is applicable also to a case 
where a mirror system is used therefor. 

Still further, while the apparatuses described here- 
inbefore uses light of i-line or laser light of wavelength 
248.4 nm for the image projection, the applicability of 
the present invention does not depend on the wave- 
length. Thus, as an example, the invention is applicable 
to a semiconductor device manufacturing projection ex- 
posure apparatus which uses light of g-line (436 nm). 

As described in the foregoing, through formation of 
a specific effective light source on a pupil of an image 
projection optical system, an image of a fine pattern hav- 
ing a very high frequency can be projected with a similar 
resolution as attainable with a phase shift mask and, 
conveniently, with a simple process as compared with 
use of the phase shift mask. 

As described, the present invention has paid a par- 
ticular note to the necessary resolution for and the di- 
rectionality of a pattern of a semiconductor integrated 
circuit and proposes selection of an optimum illumina- 
tion method, best suited to the spatial frequency and the 
directionality of that pattern. 

Some embodiments to be described below have an 
important feature that: in order to meet the semiconduc- 
tor integrated circuit manufacturing processes including 
steps of a maximum number not less that 20 (twenty), 
an illumination device has a conventional illumination 
system and a high-resolution illumination system which 
can be easily interchanged. 

Figure 1 3 is a schematic view of a main portion of 
an embodiment of the present invention. Denoted at 11 
Is a light source such as a uttra-high pressure Hg lamp, 
for example, having its light emitting point disposed ad- 
jacent to a first focal point of an elliptical mirror 12. The 
light emanating from the lamp 11 is collected by the el- 
liptical mirror 12. Denoted at 14 is a mirror for deflecting 
the light path, and denoted at 15 is a shutter for limiting 
the quantity of light passing therethrough. Denoted at 
150 is a relay lens system which serves to collect the 
light from the Hg lamp 11 on an optical integrator 19, 
through a wavelength selecting filter 16. The optical in- 
tegrator 1 9 is provided by small lenses arrayed two-di- 
mensionally, to be described later 

In this emtxxiiment, the optical integrator 19 may 
be illuminated in accordance with either a •critical illu- 
mination method" or a "Kohler illumination method". Al- 
so, it may be that the light exit portion of the elliptical 
mirror is imaged on the optical integrator 1 9. The wave- 
length selecting filter 16 serves to select and pass light 
of a necessary wavelength component or components 
(e.g. i-line or g-line), out of the wavelength components 
of the light from the Hg lamp 1 1 . 

Denoted at 12 is a stop shape adjusting member 
(selecting means for selecting intensity distribution of 
the secondary light source), for adjusting the shape of 
a stop, and it comprises a plurality of stops provided in 
a turret arrangement. The adjusting member is disposed 



after the optical integrator, nrKtre particularly, adjacent to 
the light exit surface 19b of the integrator 19. The stop 
shape adjusting member 18 serves to select predeter- 
mined ones of srr^ll lenses, constituting the optical in- 

s tegrator 1 9, in accordance with the shape of the integra- 
tor 19. Namely, in this embodiment, by using the stop 
shape adjusting member 18, an illumination method 
suitable for the shape of a pattern of a semiconductor 
integrated circuit to be exposed (to be described later) 

10 is selected. Details of the selection of small lenses will 
be described later 

Denoted at 21 is a mirror for deflecting the light path, 
and denoted at 122 is a lens system for collecting the 
light passing through the adjusting member 1 8. The lens 

IS system 1 22 plays an important role for the control of uni- 
formness of illumination. Denoted at 23 is a half mirror 
for dividing the light from the lens system 122 into a 
transmitted light and a reflected light. Of these lights, 
the light reflected by the half mirror 23 is directed 

20 through a lens 1 38 and a pinhole plate 40 to a photode- 
lector 42. The pinhole plate 40 is disposed at a position 
optically equivalent to that of a reticle 30 having a pattern 
to be exposed (printed), and the light passing the pin- 
hole plate is detected by the photodetector 42 for the 

25 control of the amount of exposure (based on control of 
the shutter 15). 

Denoted at 24 is a masking mechanical blade de- 
vice, and the position thereof is adjusted by means of a 
driving system (not shown) in accordance with the size 

30 of a pattern of the reticle 30, to be exposed. Denoted at 
25 ia a mirror, denoted at 26 is a lens system, denoted 
at 27 is a mirror, and denoted at 28 is a lens system all 
of which serve to illuminate the reticle 30, placed on a 
reticle stage 137, with the light from the Hg lamp. 

55 Denoted at 31 Is a projection optical system for pro- 
jecting and imaging the pattern of the reticle 30 upon a 
wafer 32. The wafer 32 is attracted to and held by a wa- 
fer chuck 33 and. also, it is placed on an X-Y stage 34 
whose position is controlled by means of a laser inter- 

"^0 ferometer 136 and an unshown controller Denoted at 
38 is a mirror mounted on the X-Y stage 34, for reflecting 
light from the laser Interferometer 

In this embodiment, through the adjusting member 
18, a secondary light source is formed at the light exit 
surface 1 9b skJe of the optical integrator 1 9. and the light 
exit surface of the integrator 1 9 is disposed in an opti- 
cally conjugate relationship with the pupil plane 31a of 
the projection optical system 31 through the elements 
21, 122, 25, 26, 27 and 28. Thus, an effective light 

so source image corresponding to the secondary light 
source is formed on the pupil plane 31a of the projection 
optical system 31 . 

Referring now to Figure 14, the relationship be- 
tween the pupil plane 31 of the projection optical system 

ss 31 and the light exit surface 1 9b of the optical integrator 
19 will be explained. The shape of the effective light 
source as formed on the pupil plane 31 a of the projection 
optk;al system 31 corresponds to the shape of the opti- 
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cal integrator 1 9. Figure 1 4 shows this, and in the draw- 
ing the shape of the effective light source image 19c of 
the light exit surface 19b forrried on the pupil plane 31a 
of the projection optical system 31 is illustrated super- 
posedfy. For standardization, the diameter of the pupil 5 
31 a of the projection optical system is taken as 1 .0 and, 
in this pupil 31 a, the tight exit surfaces of the small lens- 
es constituting the optical integrator 1 9 are imaged to 
provide the effective light source image 1 9c. In this em- 
bodiment, each small lens of the optical integrator 19 io 
has a square shape. 

Here, the orthogonal axes which are the major di- 
rections to be used in designing a pattern of a semicon- 
ductor integrated circuit, are taken on x and y axes. 
These directions correspond to the major directions of 
the pattern fomned on the reticle 30, respectively, and 
also substantially correspond to the directions (longitu- 
dinal and lateral sides) of the outer configuration of the 
reticle 30 having a square shape. As described and as 
is well known in the art, usuallythe orthogonal axes used 20 
in the pattern designing correspond to x and y axes de- 
fined in the projection exposure apparatus with respect 
to which a reticle is to be placed on the reticle stage. 
Also, the X and y axes correspond to x and y axes along 
which the X-Y stage 34 is moved. 2S 

The high-resolution illumination system shows its 
best performance particularly when the k^ factor as de- 
scribed has a level near 0.5, In consideration of this, in 
this embodiment, through the restriction by the adjusting 
member 1 8, only those light beams passing through par- 30 
ticular ones of small lenses of the optical Integrator 19, 
as selected in accordance with the shape of the pattern 
on the reticle 30 surface, are used for the illumination of 
the reticle 30. More specifically, the selection of small 
lenses Is so made as to assure that the light passes 3S 
those regions of the pupil plane 31a of the projection 
optical system 31 , other than the central region thereof. 

Figures 15A and 15B are schematic views of the 
pupil plane 31a, respectively, each showing the result 
of selection of those light beams passing particular ones "fo 
of the small lenses of the optical integrator 19 made by 
the restriction by the adjusting' member 18. In each of 
these drawing, the painted area corresponds to the light 
blocking region while the non-painted areas correspond 
to the regions through which the light passes. 4S 

Figure 15A shows an effective light source innage 
on the pupil plane 31a to be defined in an occasion 
where, for a pattern, the directions with respect to which 
the resolutkDn is required correspond to the x and y axes, 
respectively. Assuming now that the circle representing so 
the pupil plane 31a is expressed by: 



the following four circles are considered: 



(x-1 )^ + y^ = 1 

x^ + (y-1)^ = 1 

2 2 
(x+1 ) + y = 1 

2 2 

x + (y+1 ) = 1 

By these four circles, the circle representing the pu- 
pil plane 31a is divided into eight regions 101 - 108. 

In this embodiment, an illumination system having 
high resolution and large depth of focus in respect to the 
X and y directions, can be assured by preferentially se- 
lecting a group of small lenses present in even-num- 
bered regions, namely, the regions 102, 104, 106 and 
108, so as to pass the light through the selected small 
lenses. Thus, as an example, a stop 1 8b or 1 Sc illustrat- 
ed in Figure 16 is selected and the projection exposure 
is effected. Those small lenses around the origin (x = 0, 
y = 0) have a large effect in enhancement of depth of 
focus chiefly with regard to a pattern of a relatively wide 
(inewidth and, therefore, whether such small lenses are 
to be selected or not is a matter of choice which may be 
determined in accordance with a pattern to be printed. 

In the example of Figure ISA, those small lenses 
around the center are excluded and^ thus, the formed 
effective light source is substantially equivalent to that 
shown in Figure 3A. It is to be noted here that the outside 
portion of the optical integrator 1 9 is blocked, against 
light, within the illumination system by means of an in- 
tegrator hokiing means (not shown). Also, in Figures 
ISA and 158; for better understanding of the relation- 
ship between the small lenses and the pupil plane 31a 
of the projection optical system 31. the pupil plane 31a 
and the effective light source image 1 9c of the optical 
integrator 19 are illustrated superposedty. 

Figure 15B shows an example of restriction in an 
occasion where high resolution is required with regard 
to a pattern with features extending in ± 45 deg. direc- 
tions. Like the case of Figure 15A, the relationship be- 
tween the pupil 31 a and the effective light source image 
1 9c of the optical integrator 1 9 is illustrated. For a ± pat- 
tern, under the same condition, the following four circles 
may be drawn superposedly on the pupil 31a: 

(x-1/V2)^ + (y-1/V2)^ = 1 
(x+1/V2)^ + (y-1/V2)^ = 1 
(x+1/72)^ + (y+1/V2)^ = 1 
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(x-1/72)^ + (y+1/V2)^= 1, 

and, like the example of Figure 15A, the pupil 31a isdi> 
vided into eight regions 111 - 118. In this occasion, those s 
which are contributable to the enhancement of resolu- 
tion of a pattern with features of ± 45 deg. are odd-num- 
bered regions, that is, the regions 1 11 , 11 3, 1 1 5 and 1 1 7. 
By preterenlially selecting those snrtall lenses of the op- 
tical integrator which are present in these regions, for io 
the pattern with features of ± 45 deg. and a factor of 
a level of about 0.5, the depth of focus increases con- 
siderably. Thus, as an example, a stop 16d such as 
shown in Figure 16 is selected and the projection expo- 
sure is effected. is 

Figure 16 is a schematic view of interchangeable 
stops 18a - 18d of the adjusting member 18. As illustrat- 
ed, a turret type interchanging structure Is used. The first 
stop 18a is used when a pattern which is not very tine, 
as having a k^ factor of not less than 1 , is to be printed. 20 
The first stop 18a has the same structure as in a con- 
ventional illumination system known in the art, and 
which serves to block, against light, the outer portion of 
small lens group of the optical integrator 19. The stops 
18a - 18d are those added in accordance with the 25 
present invention. 

Generally, in an illumination system lor high resolu- 
tion, an advantageous result is obtainable to a high spa- 
tial frequency when a region of the optical integrator 
which is, on the pupil plane, outside of the size as re- 30 
quired in the conventional type illumination system, is 
also used. As an example, in the conventional type illu- 
mination system it may be preferable to use those small 
lenses which are present within a radius of 0.5; whereas 
in an illumination system for high resolution, although 3S 
small lenses around the center are not used, there is a 
case wherein those small lenses present within a circle 
of a maximum radius of 0.75 on the pupil plane (the ra- 
dius of the pupil plane is 1) should preferably be used. 

For this reason, the size of the optical integrator 19 ^0 
as well as the effective diameter of the illumination sys- 
tem, for example, should preferably determined while 
taking into account both the conventkxial type and the 
high-resolution type. Also, it is preferable that the light 
intensity distribution at the light entrance surface 1 9a of 45 
the optical integrator 1 9 has a sufficient size such that 
it functions sufficiently even if a stop 18 Is inserted. The 
possibility of blocking the outer small lenses with the 
stop 18a is because of the reason described above. 
Thus, as an example, there may be a case wherein, al- so 
though at the optk^al Integrator 19 side a maximum ra- 
dius 0.75 is prepared, the stop 1 8a choices regions with- 
in a radius of 0.5. 

By detemiining the shape of a stop in consideration 
of the specificness of a pattern of a semiconductor inte- ^5 
grated circuit to be printed, as described, it is possible 
to arrange the exposure apparatus best suited for that 
pattern. The selection of slops may be made automati- 



cally in response to a signal applied from a computer, 
provkfed for overall control of the exposure apparatus. 
Illustrated In Figure 16 is an example of stop shape ad- 
justing member 18 formed with such stops. In this ex- 
ample, any one of four stops 1 8a - 1 8d can be selected. 
As a matter of course, the number of stops may be in- 
creased easily. 

There is a case wherein the non-uniformness in il- 
lumination changes with the selection of a stop. In con- 
sideration of this, in this embodiment, such non-uniform- 
ness in illuminance can be Ttnely adjusted by adjusting 
the lens system 122. Such fine adjustment can be done 
by adjusting the spacing between constituent lenses of 
the lens system 122 In the direction of the optical axis. 
Denoted at 151 is a driving mechanism for displacing 
one or more constituent lenses of the lens system 122. 
The adjustment of the lens system 122 may be effected 
in accordance with the selection of the stop. If desired, 
the lens system 1 22 as a whole may be replaced by an- 
other, in response the change of the stop shape. In that 
occasion, different lens systems each corresponding to 
the lens system 122 may be prepared and, in a turret 
fashion, they nriay be interchanged in accordance with 
the selection of the stop shape. 

In this embodiment, as described, the shape of stop 
is changed so as to select an illumination system suited 
to the characteristics of the pattern of a semiconductor 
integrated circuit. Also, an important feature of this em- 
bodiment resides in that, when an Illumination system 
for high resolution is set, in general form of the effective 
light source, the light source itself is divided into four 
regions. An important factor in this case is the balance 
of intensity in these four regions. However, in the ar- 
rangement shown in Figure 13, there is a case wherein 
the shadow of a cable to the Hg lamp 11 adversely af- 
fects this balance. Therefore, in an illumination system 
for high resolution wherein the stop means shown in Fig- 
ure 1 5A or 1 5B is used, it is desirable to set the arrange- 
ment so that the linear zone corresponding to the shad- 
ow of the cable coincides with those small lenses of the 
optical Integrator which are blocked against light. 

More specifically, in the Figure 15A example, pref- 
erably the cable 11a should be extended in the x or y 
directions, such as shown in Figure 17 A. In the Figure 
15B example, on the other hand, preferably the cable 
11a should be extended at an angle of ± 45 deg. with 
respect to the x and y directions. In this embodiment, 
preferably the direction of extension of the cable of the 
Hg lamp may be changed in response to the change of 
the stop. 

Figure 18 Is a schematic view of a main portion of 
another embodiment of the presentinvention. The sys- 
tem of Figure 18 is the same as that of Figure 13 in re- 
spect to the projection exposure of a pattern which is 
not very fine, as having a k, factor not less than 1 . On 
the other hand, for the projection exposure of a fine pat- 
tern with a k^ factor about 0.5, a slop such as shown in 
Figure 15A or 15B is inserted in accordance with the 
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directionality of the pattern, as described in the forego- 
ing. In this case, however, since the system of Figure 
13 simply blocks the light, the efficiency of use of the 
light from -the Hg lamp 11 decreases. In consideration 
of this, the embodiment of Figure 1B Is arranged to as- s 
sure effective use of light. 

To this end, in the system of Figure 18, as am im- 
portant feature a pyramid-like prism 61 can be inserted 
between the elliptical mirror 12 and the mirror 14. The 
light beam produced from a portion near an electrode of io 
the ultra-high pressure Hg lamp 11 is reflected by the 
elliptical mirror 12, and then it enters the pyramid-like 
prism 61 whereby four light source Images, correspond- 
ing to the four surfaces constituting the prism, are 
formed on a plane including a second focal point of the 
elliptical mirror 12. Lens system 162 can be inserted in 
place of the lens system 150, to direct the light so that 
the four light source images correspond respectively to 
four separate light transmitting portions of an inserted 
stop. 20 

In this embodiment, the pyramid-like prism to be in- 
serted should be placed with specific orientation. For a 
stop of a shape such as shown in Figure 15A, each rklge 
between adjacent surfaces of the prism 61 should be 
placed in alignment with the x or y direction (Figure 1 9A). 2S 
For correction of a change in the imaging relationship of 
the optical system due to the insertion of the prism, in 
the system of Figure 18 the lens system 150 disposed 
after the shutter 15 is replaced by the lens system 162 
simultaneously with the insertion of the prism. 3Q 

On the other hand, in a case where the light trans- 
mitting regions of the stop are on the x and y axes, as 
in the Figure 1 5B example, each rtdge of the prism is 
set with angles of ± 45 deg. with respect to the x and y 
axes (Figure 1 9B). Also in this case, the lens 1 62 is used 5S 
in place of the lens system 1 50 for the correction of im- 
aging relationship. 

A plurality of pyramid-like prisms may be prepared 
in accordance with the number of stops prepared. 

Figure 20 is a schematic view of a main portion of 
a further embodiment of the present invention. This em- 
bodiment differs from the Figure 1 3 embodiment in the 
structure of a lens system 65, inr^aging on the optical in- 
tegrator 19. In this embodiment, the lens system 65 
forms an image of the light exit surface of the elliptical 4S 
mirror 12 on the optical integrator 19. Here, a case 
wherein a stop such as shown in Figure 16 is used is 
considered. What is a problem in this occasion is that 
there is a difference in maximum effective diameter of 
light as required on the optical integrator 1 9, between a so 
case wherein the stop 18a for conventional illumination 
method as described is used and a case wherein one 
of the stops 1 8b - 1 8d for the high-resolution illumination 
system Is used. 

In this embodiment, in consideration of this, the lens ss 
system 65 is provided by a zoom optical system so as 
to meet the change in diameter of light. Since the diam- 
eter of light from the ultra-high pressure Hg lamp 11 is 



determined definitely by the light exit portion of the el- 
liptical mirror 12, use of the zoom optical system 65 of 
this embodiment assures control of the light beam di- 
ameter in accordance with an illumination method used. 
Thus, the light utilization efficiency Is improved. 

The controllability of the size or the intensity distri- 
bution of the light on the optical integrator 19 is impor- 
tant, also in a case wherein the lens system 1 50 of the 
Figure 13 system forms, on the light entrance surtace 
19a of the integrator 19, an image of the Hg lamp 11, 
not an image of the light exit portion of the elliptical mir- 
ror 12. 

Thus, for the control of the light intensity distribution 
on the integrator 1 9, the Hg lamp Itself may be displaced 
along the optical axis so that it is defocused with respect 
to the light entrance surface 1 9a of the optical integrator 
19. 

Figure 21 is a schematic view of a main portion of 
a further embodiment of the present invention. An im- 
portant feature of this embodiment resides in that, in or- 
der to assure unifomi light intensity distribution on the 
optical integrator as well as even weight of the small 
lenses, the optteal Integrator is used in duplex. In the 
drawing, denoted at 171 is a lens system which corre- 
sponds to the lens system 1 50, denoted at 1 6 is a wave- 
length selecting filter, and denoted at 1 72 is a first optical 
integrator. In accordance with the function of an optical 
integrator, light beams emanating from from the small 
lenses constituting the first optical integrator 172 and 
passing a relay lens 173, are superposed one upon an- 
other on a second optical Integrator 174. As a result of 
this, a uniform illuminance distribution is provided on the 
light entrance surface 174a of the second optical inte- 
grator 174. 

If In the preceding embodiments a uniform illumi- 
nance distribution is not provided on the optical integra- 
tor 1 9 (as an example, the distribution is like a Gaussian 
distribution wherein the level at the center is high), it is 
necessary to finally determine the shape of the stop tor 
the high-resolution illumination on the basis of experi- 
ments, for example. In the present embodiment, on the 
other hand, since the weight (the light quantity supplied 
therefrom) of the small lenses is even, the contrast of 
image performance can be controlled easily. Further, in 
this embodiment, double optical integrators are used, it 
is not necessary to pay a specific attention to the cable 
as described with reference to Figures 17A and 17B. 

Figure 22 is a schematic view of main portion of a 
further embodiment of present invention. In this embod- 
iment, a fiber bundle 181 is provided in front of the op- 
tical integrator 19. In this example, the zone of the opti- 
cal integrator to be irradiated is controlled by means of 
a spacing adjusting mechanism 1 82 and a driving mech- 
anism 183 therefor, for adjusting the spacing of adjacent 
end portions of the fiber bundle 181 , as branched into 
four. In order to provide a distribution for a conventional 
type illumination system, the spacing of the four fiber 
bundles 181a - 181 d is narrowed. In order to provide a 
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distribution corresponding to thai shown in Figure 15A, 
the spacing of the fiber bundles 181a- 181 d is widened 
by a predetemnined amount. Such adjustment Is effect- 
ed in accordance with a stop 1 8 used. In the latter case, 
rotation of the fiber bundles 181a - 181d is also neces- s 
sary. 

In some examples described hereinbefore, one uf- 
tra-high pressure Hg lamp having been frequently used 
is used. However, as a matter of course, the present in- 
vention is applicable also to a case where plural light io 
sources are used or, alternatively, an exclmer laser is 
used as a light source. In an occasion wherein an illu- 
mination system uses an excimer laser, it is possible that 
the position of laser on the optical integrator is scanned 
with time. In that case, by changing the range of scan is 
in accordance with the type of a circuit pattern to be 
printed, an effective light source (image) such as shown 
in Figure 15 can be provided easily. 

Although it has not been explained with reference 
to these embodiments, in the high-resolutton iilumlna- 20 
tion system the balance of the four portions generally 
divided by the stop is important. Since details of moni- 
toring the distributions of the four portions of the effec- 
tive light source or of the manner of correcting the dis- 
tribution have been described hereinbefore, description 25 
of them is omitted here. 

Further, while in these embodiments of the present 
invention the stop means is inserted at a position after 2. 
the optical integrator, it may be disposed in front of the 
integrator. As an alternative, if in the illumination system 3o 
there is a plane which is optically conjugate with the op- 3. 
tical integrator, the stop may be disposed on such plane. 

In some embodiments of the present invention de- 
scribed hereinbefore, in accordance with the fineness 
or the directionality, for example, of a pattern on a reticle 3S 4. 
to be projected and exposed, an illumination system 
suited to that pattern is selected to thereby assure an 
optimum exposure method and apparatus of high reso- 
lution. Further, these embodiments of the present inven- 
tion provide an advantage that: for exposure of a pattern 40 
which is not very fine, a conventional illumination system 
can be used at it Is; whereas for exposure of a fine pat- 
tern, while using an Illumination system which assures 
high resolution with a small loss of light quantity, it is 
possible to obtain a large depth of focus. 4S 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to 5. 
cover such modifications or changes as may come with- 
in the purposes of the improvements or the scope of the so 
following claims. 



Claims 

ss 

1 . A method of forming an image of a fine pattern hav- 
ing linear features extending In orthogonal first and 
second directions, said method comprising the 



steps of: 

illuminating the pattern (30) with light from a 
light source (1 1 -1 9), said light source having an 
intensity distribution such that the portions at a 
centre thereof and on first and second axes de- 
fined to intersect with each other at the centre 
and defined along the first and second direc- 
tions respectively is decreased in comparison 
with portions of the light source other than the 
centre portion and the portions along the first 
and second axes, wherein said light source 
comprises four sections (2a, 2b, 2c, 2d) having 
substantially the same light intensity and being 
distributed in four quadrants defined by the 
centre and the first and second axes, 
wherein an image of the light source is project- 
ed onto a pupil (1 ) of a projection optical system 
(7), and wherein on the assumption of a coor- 
dinate system defined by X and Y axes extend- 
ing along the first and second directions and In- 
tersecting at a centre of the pupil, and that the 
radius of the pupil is 1 , coordinates of the effec- 
tive centres of Intensity of the four sections are 
(p, p), (-p, p) (-P, -p) and (p. -p), wherein 0.25 
<p<0.6. 

A method according to claim 1 , wherein each of the 
sections has a radius q, and 0.15 < q < 0.3. 

A method according to claim 1 or 2, wherein the in- 
tensities of the centre portion and the portions along 
the first and second axes are approximately zero. 

A method according to claim 1 , 2 or 3, wherein said 
light source forming means includes (i) an optical 
integrator (19) having a light receiving surface and 
a light emitting surface, for receiving with said light 
receiving surface light from a primary light source 
and dividing the received light to provide a plurality 
of light beams from said light emitting surface, and 
(ii) stop means (18, Fig. 6A) having four apertures 
disposed adjacent to one of said light receiving sur- 
face and said light emitting surface of said optical 
integrator (19) to define the four sections (2a, 2b, 
2c, 2d) of said light source. 

A method according to claim 1 , 2 or 3, wherein said 
light source forming means includes (i) an optical 
integrator (19) having a light receiving surface and 
a light emitting surface, for receiving with said light 
receiving surface light from a primary light source 
and dividing the received light to provide a plurality 
of light beams from said light emitting surface, and 
(ii) stop means (17, Fig, 5A) of cross-like shape dis- 
posed adjacent to one of said light receiving surface 
and said light emitting surface of said optical inte- 
grator (19) to define the four sections (2a, 2b, 2c, 
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2d) of said light source. 

6. A projection exposure apparatus for projecting an 
image of a pattern of an original (30) on a workpiece 
(32), said apparatus comprising: s 

and X-Y stage (34) for supporting thereon the 
workpiece (32) and being movable along X and 
Y directions in an X-Y coordinate system de- 
fined In said apparatus; io 
means (1 1 -1 9) for forming a light source having 
an intensity distribution such that the portions 
at a centre thereof and on first and second axes 
defined to intersect with each other at the cen- 
tre and defined along the X and Y directions, '5 
respectively are decreased in comparison with 
the portions ot the light source other than the 
centre portion and the portions along the first 
and second axes; 

an illumination optical system (20-28) for illumi- 20 
nating the pattern of the original (30) with light 
from said light source; and 
a projection optical system (31) for projecting 
on the workpiece (32) an image of the pattern 
illuminated with the light from said light source. ^5 
wherein said light source comprises four sec- 
tions (2a, 2b, 2c, 2d) having substantially the 
same light intensity and being distributed in four 
quadrants defined by the centre and the first 
and second axes, and 30 
wherein an image of the secondary light source 
is projected onto a pupil (1) of said projection 
optical system (31), and wherein, on the as- 
sumption of a coordinate system defined by X 
and Y axes extending along the first and sec- 3S 
ond directions and intersecting at a centre of 
the pupil, and that the radius of the pupil is 1, 
coordinates of the effective centres of intensity 
of the four sections (2a, 2b, 2c, 2d) are (p. p), 
(-p, p), (-p, -p) and (p. -p), wherein 0.25 < p < 
0.6. 

7. An apparatus according to claim 6, wherein each of 
the sections has a radius q, and 0.15 < q < 0.3. 

4S 

8. An apparatus according to claim 6 or 7, wherein the 
intensities of the centre portion and the portions 
along the first and second axes are approximately 
zero. 

so 

9. An apparatus according to claim 6, 7 or 8, further 
comprising means (42, 37) for detecting the inten- 
sities in said four sections (2a, 2b. 2c, 2d), and 
means lor adjusting a ratio of the intensities of said 
four sections. ss 

1 0. An apparatus according to claim 9, wherein said in- 
tensity detecting means includes a first intensity dis- 



tribution sensor (42, 102) mounted to said illumina- 
tion optical system (20-28). 

11. An apparatus according to claim 10, wherein said 
intensity detecting means has a second intensity 
distribution sensor (37) adjacent an image plane of 
said projection optical system, wherein the intensi- 
ties of said four sections are detected by said first 
and second intensity distribution sensors, and a re- 
sult of sensing of said first intensity distribution sen- 
sor (42, 1 02) is corrected on the basis of said sens- 
ing of said second intensity distribufion sensor (37). 

12. An apparatus according to claim 9. wherein said in- 
tensity detecting means includes an intensity distri- 
bution sensor (37) disposed adjacent an image 
plane of said projection optical system (31 ). 

13. An apparatus according to any of claims 6 to 12. 
wherein said light source forming means includes 
(i) an optical integrator (19) having a light receiving 
surface and a light emitting surface, for receiving 
with said light receiving surface light from a primary 
light source and dividing the received light to pro- 
vide a plurality of light beams from said light emitting 
surface, and (ii) stop means (16, Fig. 6 A) having 
four apertures disposed adjacent to one of said light 
receiving surface and said light emitting surface of 
said optical integrator (19) to define the four sec- 
tions (2a, 2b, 2c. 2d) of said light source. 

14. An apparatus according to any of claims 6 to 12, 
wherein said light source forming means includes 
(t) an optical integrator (1 9) having a light receiving 
surface and a light emitting surlace, for receiving 
with said light receiving surlace light from a primary 
light source and dividing the received light to pro- 
vide a plurality of light beams from said light emitting 
surface, and (ii) stop means (17, Fig. 5A) of cross- 
like shape disposed adjacent to one of said light re- 
ceiving surface and said light emitting surface of 
said optical integrator (19) to define the four sec- 
fions (2a, 2b, 2c. 2d) of said light source. 

15. An apparatus according to any of claims 6 to 14, 
wherein said light source forming means includes a 
lamp (11), an elliptical mirror (12) for reflecting light 
from the lamp and an optical integrator (1 9) illumi- 
nated by the light reflected by said elliptical mirror. 

16. An apparatus according to any of claims 6 to 13, 
wherein said light source forming means includes a 
primary light source (11 , 12) and a first optical inte- 
grator (172) illuminated by light from said primary 
light source, and a second optical integrator (174) 
illuminated by light from said first optical integrator 
(Fig. 21). 



37 

17. An apparatus according to any o1 claims 6 to 12, 
wherein said light source forming means (1 1 -1 9) in- 
cludes a primary light source (11. 12), light splitting 
means (1 01 , 1 81 , 61 ) for splitting light from said first 
light source into four beams, and an optical Integra- 5 
tor (19) illuminated by said four beams. 

18. An apparatus according to claim 17. wherein said 
light splitting means includes a bundle of fibres 
(101, 181) integrated at a side receiving the light io 
and divided at a side from which the light emits. 

19. An apparatus according to claim 17, wherein said 
light splitting means includes a pyramid-shaped 
prism (61). is 

20. An apparatus according to claim 17, wherein said 
primary light source is a laser (81), and said light 
splitting means includes means (82) for making the 
four beams incoherent. 20 

21. An apparatus according to claim 20, wherein said 
laser (81) is an eximer laser. 

22. An apparatus according to any of claims 6 to 12, 2s 
wherein said light source forming means (1 1 -1 9, 71 ) 
forms the four sections (2a, 2b, 2c, 2d) sequentially 
(Fig. 8). 

23. An apparatus according to any of claims 6 to 12, 30 
wherein said light source forming means includes a 
pluralityof primary light sources (11 a. lib, 11c. 11d) 
and an optical integrator (19a, 19b. 19c, 19d) illu- 
minated by tour means from the primary light sourc- 
es. 3S 

24. An apparatus according to claim 23, wherein said 
light source forming means has four primary light 
sources (11a, lib, 11c, lid; Fig. 12). 

40 

25. An apparatus according to any of claims 17 to 21, 
23 and 24, wherein said optical integrator has four 
sections (19a, 19b, 19c, 19d) separately disposed 
from each other. 

45 

26. An apparatus according to any of claims 6 to 13, 
wherein said light source forming means has an op- 
tical integrator (1 9) including an array of lenses and 
an aperture stop (18) disposed adjacent the optical 
integrator and having four apertures corresponding so 
to four sections of the light source, and wherein an 
edge of the aperture extends along a cross-section 

of the lens of said lens array. 

27. An apparatus according to any of claims 6 to 13, ss 
wherein said light source forming means (11-19) is 
capable (50) of switching the light source having the 
four sections to another light source having an in- 
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tensity distribution different from that of said light 
source (Fig. 16). 

28. An apparatus according to claim 27. wherein said - 
light source forming means has a mechanism (50, 
18) tor selectively inserting across the optical path 
first and second aperture stops (18a, 18b) having 
openings corresponding to the intensity distribu- 
tions of the light sources. 

29. An apparatus according to claim 28. wherein said 
light source forming means has an optical integrator 
(19) including an array of lenses, and said first and 
second aperture stops (18a, 18b) are inserted 
across the optical path adjacent the optical integra- 
tor, and the edges of the first and second apertures 
are extended along a lens cross-section of the lens 
array. 

30. An apparatus according to claim 28. wherein said 
light source forming means includes a primary light 
source (11, 12) and a zoom lens (65) illuminating 
an optical integrator (1 9) with light from said primary 
light source, and wherein said first and second ap- 
erture stops (18a, ISb) are inserted across the op- 
tical path adjacent the optical integrator (Fig. 20). 

31. An apparatus according to any of claims 23 to 29, 
wherelri said light source forming means includes a 
prirriary light source and pyramid-like prism (61 ), in- 
sertable across the optical path, for splitting light 
from said primary light source into four beams (Fig. 
18). 

32. An apparatus according to claim 31, wherein said 
light source forming means includes two lens sys- 
tems (150, 162) inserted across the optical path al- 
ternately in interrelation with the pyramid-shaped 
prism (61). 

33. An apparatus according to claims 27, 28 or 29, 
wherein said light source forming means includes a 
primary light source, and light splitting means for 
splitting light from saki primary light source into four 
beams, and said light splitting means includes four 
fibre bundles (181a, 181b, 181c. 181d) which are 
unified at a light receiving side, and separated at a 
light emitting side (Fig. 22). 

34. An apparatus according to claim 27. 28 or 29, fur- 
ther comprising means (151, 122) for correcting il- 
luminance non-uniformity occurring when the light 
source having four sections is switched to another 
light source having a different intensity distribution. 

35. An apparatus according to claim 34. wherein said 
correcting means has a lens (122) movable along 
the optical path. 
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36. An apparatus according 1o claim 35, wherein said 
light source forming means includes a primary light 
source (11, 12), an optical integrator (19) illuminat- 
ed by light from said primary light source, and said 
movable lens (122) in an optical path of the light s 
from the optical integrator (19). 

37. A microdevice manufacturing method, including a 
step of printing a device pattern on a workpiece by 

a method as defined in any of claims 1 to 5. io 

38. A microdevice manufacturing method, including a 
step of printing a device pattern on a workpiece us- 
ing an apparatus as defined in any one of claims 6 

to 36, using the light source of four sections (2a, 2b, ?5 
2c, 2d). 
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1 . Verfahren zur Ausbildung eines Bilds mit einem fei- 
nen Muster mit linearen Eigenschaften, das sich ei- 
ner ersten und zweiten Richtung erslreckt, die 
senkrecht zueinander sind, wobei das Verfahren 

die Schritte aufweist. Beleuchtung des Musters (30) 2S 
mit Licht von einer Lichtquelle (11-19). wobei die 
Lichtquelle eine derartige Intensitatsverteilung hat, 
da3 die Abschnitte in deren Mitte und an einer er- 
sten und zweiten Achse, die so definiert sind. daQ 
sie einander in der Mitte schneiden und jeweils 30 
langs der ersten und zweiten Richtung definiert 
sind. im Vergleich mit den anderen Abschnitten der 
Lichtquelle als dem mittleren Abschnitt und den Ab- 
schnitten langs der ersten und zweiten Achse her- 
abgesetzt sind, wobei die Lichtquelle vierSektionen 35 
(2a. 2b, 2c, 2d) aufweist, die im wesentlichen die 
gleiche Lichtintensilat haben und in vier Quadran- 
ten aufgeteilt sind, die durch die Mitte und die erste 
und zweite Achse definiert werden, 
wobei ein Bild der Lichtquelle auf eine Pupille (1) 40 
eines optischen Projektionssystems (7) projiziert 
wird, und wobei unter der Voraussetzung eines Ko- 
ordinatensystems, das durch eine X- und eine Y- 
Achse definiert ist, die sich langs der ersten und 
zweiten Richtung erstrecken und in der Mitte der 45 
Pupille schneiden, und daG der Radius der Pupille 
1 ist, die Koordinaten der effektiven Intensitatsmit- 
telpunkte der vier Sektionen (p, p). (-p, p), (-p, -p) 
und (p, -p) sind, wobei 0,25 < p < 0,6 gilt. 

50 

2. Verfahren gemaO Anspruch 1 , bei welchem jede der 
Sektionen einen Radius q hat und 0,1 5 < q < 0,3 ist. 

3. Verfcihren gemaO Anspruch 1 oder 2, bei welchem 

die Intensitaten des mittleren Abschnitts und der ss 
Abschnitte entlang der ersten und zweiten Achse 
ungefahr Null sind. 
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4. Verfahren gemafl Anspruch 1. 2 oder 3, bei wel- 
chem die Lichtquellen-Ausbildungseinrichtung (i) 
einen optischen Integrator (1 9), der eine Licht-emp- 
fangende Flache und eine Licht-emittierende Fla- 
che hat, um mit der Licht-empfangenden Flache 
Licht von einer Primarlichtquelle zu empfangen und 
das empfangene Licht zu teilen, um eine Vielzahl 
von Lichtstrahlen aus der Licht-emittierenden Fla- 
che zu schaffen, und (ii) eine Blendeneinrichtung 
(1 8, Fig. 6 A) enlhalt, die vier Offnungen hat, die an- 
grenzend der Licht-empfangenden Flache oder der 
Licht-emittierenden Flache des optischen Integra- 
tors (19) angeordnet sind, um die vier Sektionen 
(2a. 2b, 2c, 2d) der Lichtquelle zu definieren. 

5. Verfahren gemaG Anspruch 1, 2 oder 3, bei wel- 
chem die Lichtquellen-Ausbildungseinrichtung (i) 
einen optischen Integrator (1 9), der eine Lichl-emp- 
fangende Flache und eine Licht-emittierende Fla- 
che hat, um mit der Licht-empfangenden Flache 
Licht von einer Primarlichtquelle zu empfangen und 
das empfangene Licht zu teiJen, um eine Vielzahl 
von Lichtstrahlen aus der Lcht-emittierenden Fla- 
che zu schaffen, und (ii) eine Blendeneinrichtung 
(17, Fig. 5A) mit kreuzahnlicher Form enthalt, die 
angrenzend der Licht-empfangenden Flache oder 
der Licht-emittierenden Flache des optischen Inte- 
grators (19) angeordnet ist, um die vier Sektionen 
(2a, 2b, 2c, 2d) der Lichtquelle zu definieren. 

6. Projektions-Belichtungsvorrichtung zur Projizie- 
rung eines Bilds eines Originalmusters (30) auf ein 
Werkstuck (32). wobei die Vorrichtung aufweist, 

einen X-Y-Tisch (34), um auf diesem das Werk- 
stGck (32) zu lagern, und der in einem in der 
Vorrichtung definierten X-Y-Koordinatensy- 
stem in X- und Y-Richtung bewegbar ist, 
eine Einrichtung (11-19) zur Ausbildung einer 
Lichtquelle, die eine Intensitatsverteilung der- 
art hat, daG die Abschnitte in deren Mitte und 
an einer ersten und zweiten Achse, die so de- 
finiert sind, daG sie einander in der Mitte 
schneiden und jeweils tangs der X- und Y-Rich- 
tung definiert sind, im Vergleich mit den ande- 
ren Abschnitten der Lichtquelle als dem mittle- 
ren Abschnitt und den Abschnitten langs der er- 
sten und zweiten Achse herabgesetzt sind, 
ein optisches Beleuchtungssystem (20-28) zur 
Beleuchtung des Musters des Originals (30) mit 
Licht von der Lichtquelle, und 
ein optisches Projektionssystem (31 ), um ein 
Bild des mit dem Licht von der Lichtquelle be- 
leuchteten Musters auf das Werkstuck (32) zu 
projizieren, 

wobei die Lichtquelle vier Sektionen (2a, 2b, 2c, 
2d) aufweist, die im wesentlichen die gleiche 
Lichtintensilat haben und in vier Quadranlen 
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autgeteilt sind, die durch die Mitte und die erste 
und zweite Achse definiert werden, und 
wobei ein Blld der Sekundarlichtquelle aut eine 
Pupille (1) des optischen Projektionssyslems 
(31 ) projiziert wtrd, und wobei unter der Voraus- 5 
setzung eines Koordinatensyslems, das durch 
eino X- und eino Y-Achse definiert ist, die sich 
langs dor ersten und zweiten Richtung erstrek- 
ken und in der Mitte der Pupille schneiden, und 
daB der Radius der Pupille 1 ist, die Koordina- io 
ten der effektiven Intensitatsmittelpunkte der 
vier Sektionen (2a, 2b, 2c, 2d) (p, p), (-p, p), (- 
p, -p) und (p, -p) sind, wobei 0,25 < p < 0.6 gilt. 



7. Vorrichtung gennaB Anspruch 6, bei welcher jede 's 
der Sektionen einen Radius q hat und 0,15 < q < 
0,3 ist. 

8. Vorrichtung gemaB Anspruch 6 oder 7, bei welcher 
die Intensitaten des mittleren Abschnitts und der 20 
Abschnitte entlang der ersten und zweiten Achse 
ungefahr Null sind. 

9. Vorrichtung gemaB Anspruch 6, 7 oder 8, die femer 
eine Einrichtung (42, 37) zur Erfassung der Intensi- 25 
taten in den vier Sektionen (2a, 2b. 2c, 2d) und eine 
Einrichtung zur Justierung eines Verhaltnisses der 
Intensitaten der vier Sektionen autweist. 

10. Vorrk;htung gemaB Anspruch 9, bei welcher die In- -30 
tensitatserfassungseinrichtung einen ersten Inten- 
sitalsverteiiungssensor (42, 102) enthalt, der an 
dem optischen Beleuchtungssystem (20-28) befe- 
stigt ist. 

11. Vorrfchtung gemaB Anspruch 10, bei welcherdieln- 
tensKatserfassungseinrichlung einen zweiten In- 
tensitatsverteilungssensor (37) angrenzend einer 
Bildebene des optischen Projektionssyslems hat, 
wobei die Intensitaten der vier Sektionen mittels ^^o 
des ersten und zweiten Intensitatsverteilungssen- 
sors ertaOt werden. und ein Ergebnis der Wahrneh- 
mung des ersten Intensitatsverteilungssensors (42, 
102) auf der Basis der Wahrnehmung des zweiten 
Intensitatsverteilungssensors (37) korrigiert wird. 4S 

12. Vorrk;htung gemaB Anspruch 9, bei welcher die In- 
tensitatserfassungseinrichtung einen Intensttats- 
verteilungssensor (37) enthalt, der angrenzend ei- 
ner Bildebene des optischen Projektionssyslems so 
(31 ) angeordnet ist. 

13. Vorrkihtung gemaB einem der AnsprOche 6 bis 12, 
bei welcher die Lichtquellen-Ausbttdungseinrrch- 
tung (i) einen optischen Integrator (19), der eine 55 
Licht-empfangende Flache und eine Lk;ht-emittie- 
rende Flache hat, um mit der Licht-empfangenden 
Flache Licht von einer Primarlichtquelle zu empfan- 



gen und das empfangene Licht zu teilen, um eine 
Vtelzahl von Lichtstrahlen aus der Licht-emittieren- 
den Flache zu schaffen, und (ii) eine Blendenein- 
richtung (18, Fig. 6A) enthalt, die vier Offnungen 
hat. die angrenzend der Licht-empfaingenden Fla- 
che Oder der Licht-emittierenden Flache des opti- 
schen Integrators (1 9) angeordnet sind, um die vier 
Sektionen (2a, 2b, 2c, 2d) der Lichtquelle zu defi- 
nieren. 

14. Vorrichtung gemaB einem der AnsprOche 6 bis 12. 
bet welcher die Lichtquellen-Ausbildungseinrich- 
tung (i) einen optischen Integrator (19), der eine 
Licht-empfangende Flache und eine Licht-emittie- 
rende Flache hat, um mit der Licht-empfangenden 
Flache Licht von einer Primarlichtquelle zu empfan- 
gen und das empfangene Licht zu teilen, um eine 
Vielzahl von Lichtstrahlen aus der Licht-emittieren- 
den Flache zu schaffen, und (ii) eine Blendenein- 
richtung (17, Fig. 5A) mit kreuzahnlicher Form ent- 
halt, die angrenzend der Licht-empfangenden Fla- 
che Oder der Licht-emittierenden Flache des opti- 
schen Integrators (19) angeordnet ist, um die vier 
Sektk>nen (2a, 2b, 2c, 2d) der Lichtquelle zu defi- 
nieren. 

15. Vorrichtung gemaB einem der AnsprOche 6 bis 14, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tung eine Lampe (11), einen elliptischen Spiegel 
(12), um das Licht von der Lampe zu reflektieren, 
und einen optischen Integrator (19) enthalt, der 
durch das mrttels des elliptischen Spiegels reflek- 
tierte Licht beleuchtet wird. 

16. Vorrichtung gemaB einem der AnsprOche 6 bis 13, 
bei welcher die Lichtquellen-Ausbildungsetnrich- 
tung eine Primarlichtquelle (11, 12) und einen er- 
sten optischen Integrator (172), der durch Licht von 
der Primarlichtquelle beleuchtet wird, und einen 
zweiten optischen Integrator (174) enthalt, der 
durch Licht von dem ersten optischen Integrator be- 
leuchtet wird (Fig.21). 

17. Vorrichtung gemaB einem der AnsprOche 6 bis 1 2, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tung (11-19) eine Primarlrchtquelte (11, 12), eine 
Lichtteilereinrichtung (101, 181. 61) zum Teilen des 
Lichts von der ersten Lichtquelle in vier Strahlen 
und einen optischen Integrator (19) enthalt, der 
durch die vier Strahlen beleuchtet wird. 

18. Vorrichtung gemaB Anspruch 17, bei welcher die 
Lichtteilereinrichtung ein FaserbOndel (101. 181) 
enthalt, das auf einer das Licht empfangenden Sei- 
te zusammengefOhrl ist und auf einer Seite, aus 
welcher das Lk:ht emittiert wird, geteilt ist. 

19. Vorrichtung gemaB Anspruch 17, bei welcher die 
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LichtteiloreinricRtung ein pyramidenfomniges Pris- 
ma (61 ) enthait. 

20. Vorrtchtung gemaB Anspruch 17, bei welcher die 
Primarlichtquelle ein Laser (81 ) ist und die Lichttel- s 
lereinrichtung eine EInrichlung (82) enthall, um die 
vier Strahlen (nl<oharent zu machen. 

21. Vorrichtung gemaG Anspruch 20, bei welcher der 
Laser (81 ) ein Excimerlaser Ist. io 

22. Vorrichtung gemaB einem der Anspruche 6 bis 12, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tuhg (11-19, 71) die vier Sektionen (2a, 2b, 2c, 2d) 
aufeinanderfolgend ausbitdet (Fig. 6). 

23. Vorrichtung gemaB einem der AnsprQche 6 bis 12, 
bet welcher die Lichtquellen-Ausbildungseinrich- 
tung eine Vielzahl von Primarlichtquellen (11a, lib, 
11c» 11d) und einen optischen Integrator (19a, 19b, 20 
1 9c, 1 9d) enthait, der mittels vier Elnrichtungen von 
den Primarlichtquellen beleuchtet wird. 

24. Vorrichtung gemaB Anspruch 23, bei welcher die 
Lichtquellen-Ausbildungseinrichtung vier Primar- 25 
lichtquellen (11a. lib. 11c, 11 d; Fig. 12) haL 

25. Vorrichtung gemaB einem der Anspruche 17 bis 21 , 
23 und 24, bei welcher der optische Integrator vier 
Sektionen (19a, 19b, 19c, 19d) hat, die getrennt 30 
voneinander angeordnet sind. 

26. Vorrichtung gemaB einem der Anspruche 6 bis 13, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tung einen optischen Integrator (19) hat, der eine 3S 
Anordnung von Linsen und eine Offnungsblende 
(18) enthait, die angrenzend dem optischen Inte- 
grator angeordnet ist und vier Offnungen entspre- 
chend den vier Sektionen der Lichtquelle hat, und 

bei welcher sich eine Kante der Blende tangs etnes ^^o 
Querschnitts der Linse der Linsenanordnung er- 
streckt. 

27. Vorrkihtung gemaB einem der Anspruche 6 bis 13, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tung (11-19) dazu geeignel ist (50). die Lichtquelle, 
welche die vier Sektionen hat, zu einer anderen 
Lichtquelle umzuschalten, die eine sich von der die- . 
ser Lichtquelle unterscheidende Intensttatsvertei- 
lung hat (Fig. 16). so 

28. Vorrichtung gemaB Anspruch 27, bet welcher die 
Lichtquellen-Ausbildungseinrichtung einen Mecha- 
nismus (50. 18) zur wahlweisen Eintuhrung einer 
ersten und einer zwerten Offnungsblende (18a, 55 
18b), die Offnungen enlsprechend den Intensitats- 
verteilungen der Lichtquellen haben, in den opti- 
schen Weg hat. 



29. Vorrichtung gemaB Anspruch 28, bei welcher die 
Lichtquellen-Ausbildungseinrichtung einen opti- 
schen Integrator (19) hat, der eine Anordnung von 
Linsen enthait, und die erste und zweite Offnungs- 
blende (18a, 18b) angrenzend dem optischen Inte- 
grator In den optischen Weg eingefOhrt werden. und 
sich die Kanten der ersten und zweiten Offnung 
tangs eines Linsenquerschnitts der Linsenanord- 
nung erstrecken. 

30. Vorrichtung gemaB Anspruch 28, bei welcher die 
Lichtquellen-Ausbildungseinrichtung eine Primar- 
lichtquetle (11, 12) und eine Zoomlinse (65) enthait, 
die einen optischen Integrator (1 9) mit Licht von der 
Primarlichtquelle beleuchtet, und bei welcher die 
erste und zweite Offnungsblende (18a, 18b) an- 
grenzend dem optischen Integrator (Fig. 20) in den 
optischen Weg eingefOhrt sind. 

31. Vorrichtung gemaB einem der Anspruche 23 bis 29, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tung eine Primarlichtquelle und ein pyramidenfor- 
miges Prisma (61) enthait. das in den optischen 
Weg einfOhrbar ist, um Licht von der Primarlicht- 
quelle in vier Strahlen zu teilen (Fig. 18). 

32. Vorrichtung gemaB Anspruch 31 , bei welcher die 
Lichtquellen-Ausbildungseinrichtung zwei Linsen- 
systeme (150, 162) enthait, die in Wechselbezie- 
hung mit dem pyramidenformigen Prisma (61 ) ab- 
wechselnd in den optischen Weg eingefOhrt wer- 
den. 

33. Vorrichtung gemaB den Anspruchen 27, 28 Oder 29, 
bei welcher die Lichtquellen-Ausbildungseinrich- 
tung eine Primarlichtquelle und eine Lichtteilerein- 
richtung zum Teilen des Lichts von der Primarlicht- 
quelle in vier Strahlen enthait, und die Lichtteilerein- 
richtungvler FaserbQndel(181a, 181b, 181c. 181d) 
enthait, welche auf einer Licht-emptangenden Seite 
vereinigt und auf einer Licht-emittierenden Seite 
getrennt sind (Fig. 22). 

34. Vorrichtung gemaB Anspruch 27, 28 oder 29, die 
ferner eine Einrichtung (151, 122) zur Korrektur ei- 
ner Uneinheitlichkeit der Beleuchtungsstarke auf- 
weist. die auftritt, wenn die Lichtquelle, welche die 
vier Sektionen hat, zu einer anderen Lichtquelle 
umgeschaitet wird, die eine andere Intensitatsver- 
teilung hat. 

35. Vorrichtung gemaB Anspruch 34, bei welcher die 
Korrektureinrichtung eine langs des optischen 
wegs bewegbare Linse (122) hat. 

36- Vorrichtung gemaB Anspruch 35, bei welcher die 
Lichtquellen-Ausbildungseinrichtung eine Prinnar- 
lichtquelle (11, 12), einen durch Licht von der Pri- 
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marlichtquelle beleuchteten optischen Integrator 
(19) und die bewegbare Linse (122) in einenn opti- 
schen weg des Lichts von dem optischen Integrator 
(19) enthall. 

37. Mikrpvorrichtungs-Hersteliungsvertahren, das ei- 
nen Schritt zum Drucken eines Vorrichtungsmu- 
sters auf ein Werkstuck nnrttels eines Verfahrens 
enthalt, wie es in einem der AnsprOche 1 bis 5 de- 
finiert ist. 

38. Mikrovorrichtungs-Herstellungsverfahren, das ei- 
nen Schritt zum Drucken eines Vorrichtungsmu- 
sters auf ein Werkstuck unter Nutzung einer Vor- 
richtung gema3 Definition in einem der Anspruche 
6 bis 36 bei Anwendung der Lichtquelle mit vier 
Sektionen (2a, 2b, 2c, 2d) enthalt. 

Revendications 

1. Proc6dd de formation d'une image d'un motif fin 
comportant des details recltlignes s'6tendant dans 
des premifere et seconde directtons orlhogonales, 
ledit proc6d6 comprenant les 6tapes : 

d'6clairage du motif (30) avec de la Iumi6re pro- 
venant d'une source de lumifere (11 ^19), ladite 
source de Iumi6re ayant une repartition d'inten- 
sit6 telle que I'intensitd des parties en son cen- 
tre et sur des premier et second axes, dSfinis 
pour se couper Tun Tautre au centre et d6finis 
respectivement suivant les premiere et secon- 
de directions, soil r6duite en comparaison avec 
celle de parties de la source de lumi^re autres 
que la partie centrale et les parties le long des 
premier et second axes, ladite source de Iumi6- 
re comprenant quatre sections (2a, 2b, 2c, 2d) 
ayant sensiblement la mdme intensitd de lu- 
midre et dtant r^parties dans quatre quadrants 
ddfinis par le centre et les premier et second 
axes ; 

dans lequel on projette une image de la source 
de lumi^re sur une pupille (1 ) d'un systdme op- 
tque de projection (7), et dans lequel, en sup- 
posant un systfeme de coordonn6es d6fini par 
des axes X et Y s'dtendant suivant les premiere 
et seconde directions et se coupant au centre 
de la pupille, et que le rayon de la puptlle soit 
de 1 , les coordonn^es des centres r6ets d'in- 
tensite des quatre sections sont (p, p) (-p. p) (- 
p, -p) et (p, -p), avec 0,25 < p < 0,6. 

2. Proc6d6 selon la revendication 1 , dans lequel cha- 
cune des sections a un rayon q, avec 0, 1 5 < q < 0,3. 

3. Proc6d6 selon la revendication 1 ou 2, dans lequel 
les intensit6s de la partie centrale el des parties le 



long des premier et second axes sont k peu prds 
nulies. 

4. Proc6d6 selon la revendication 1 , 2 ou 3, dans le- 
5 quel ledit moyen formant source de Iumi6re com- 

prend (i) un int^grateur optique (19), component 
une surface de r6ception de lumidre et une surface 
d'^mission de lumi^re, destind k recevoir par ladite 
surface de reception de lumidre de la lumidre pro- 
^0 venant d'une source de lumifere primaire et k diviser 
la lumi^re regue pour fournir plusieurs faisceaux de 
lumi^re issus de ladite surface d'dmission de Iumi6- 
re. et (ii) un moyen (18, figure 6A) formant diaphrag- 
me, comportant quatre ouvertures, dispose adja- 
^5 cent k Tune de ladite surface de reception de lumid- 
re et de ladite surface d'6mission de Iumi6re dudit 
integrateur optique (1 9) pour definir les quatre sec- 
tions (2a, 2b, 2c. 2d) de ladite source de lumi^re. 

20 5. Proc6d6 seton la revendication 1 , 2 ou 3, dans le- 
quel ledit moyen formant source de lumt^re com- 
prend (i) un integrateur optique (19). comportant 
une surface de reception de lumiSre et une surface 
d'^mission de Iumi6re, destine k recevoir par ladite 
surface de reception de lumiSre de la Iumi6re pro- 
venant d'une source de lumi^re primaire et k diviser 
la Iumi6re regue pour fournir plusieurs faisceaux de 
Iumi6re issus de ladite surface d'6mission de lumife- 
re, et (ii) un moyen (.17, figure 5A) formant diaphrag- 

30 me, en forme de croix, dispose adjacent k Tune de 
ladite surface de reception de lumiere et de ladite 
surface d'emlssion de fumidre dudit integrateur op- 
tique (19) pour definir les quatre sections (2a, 2b, 
2c, 2d) de ladite source de lumiere. 

35 

6. Appareil d'exposition par projection destine k pro- 
jeler une image d'un motif d'un original (30) sur une 
piece d'oeuvre (32), ledit appareil comprenant : 

une platine (34) en X-Y destinee k porter la pie- 
ce d'oeuvre (32) et etant mobile suivant des di- 
rections X et Y dans un system e de coordon- 
n6es en X-Y defini dans ledit appareil ; 
un moyen (11^19) destine ^former une source 
de lumiere ayant une repartition d'intensite telle 
que rintenslte des parties en son centre et sur 
des premier et second axes, definis pour se 
couper Tun I'autre au centre et definis respec- 
tivement suivant les directions de X et de Y, soit 
reduite en comparaison avec celle des parties 
de la source de lumiere autres que la partie 
centrale et les parties le long des premier et se- 
cond axes ; 

un systeme optique d'edairage (20 k 28) des- 
tine k edairer le motif de Torigina! (30) avec la 
lumiere issue de ladite source de lumiere ; el 
un systeme optique de projection (31) destine 
k projeter sur la piece d'oeuvre (32) une image 
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7. 



e. 



du motrf 6clair6 par la Iumi6re issue de ladfte 
source de lumi^re ; 

dans lequQl ladite source de lumidre comprend 
quatre sections (2a. 2b, 2c, 2d) ayant sensible- 
nnent la m§me intensity de Iumi6re et 6tant r6- 
parties dans qualre quadrants d6finis par le 
centre el les prennier et second axes ; et 
dans lequel on projetle une image de la source 
de lumiSre secondaire sur une pupille (1 ) dudit 
syst6nne optique de projection (31), el dans le- 
quel, en supposant un syst^me de coordon- 
n6es defini par des axes X et Y s'6tendant sui- 
vant les premiere et seconde directions et se 
coupant au centre de la pupille. et que le rayon 
de la pupille soit de 1 , les coordonn6es des cen- 
tres rdels d' intensity des quatre sections (2a, 
2b, 2c, 2d) sont (p. p) (-p. p) (-p, -p) et (p. -p),' 
avec 0,25 < p < 0,6. 

Appareil selon la revendication 6, dans lequel cha- 
cune des sections a un rayon q, avec 0, 1 5 < q < 0,3. 



9. 



10. 



11. 



12. 



Appareil selon la revendication 9, dans lequel ledit 
moyen de detection d*(ntensit6 comprend un pre- 
mier capteur (42. 102) de repartition d'intensit6 
mont6 sur ledit syst6me optique d'dclairage (20 k 
26). 

Appareil selon la revendication 10, dans lequel ledit 
moyen de detection d'intensit6 comporte un second 
capteur (37) de repartition d'intensit6 adjacent au 
plan d'image dudit syst6me optique de projection, 
dans lequel les intensitds desdites quatre sections 
sont d6tect6es par lesdits premier et second cap- 
teurs de repartition d'intensite, et dans lequel le r6- 
sultat de detection dudit premier capteur (42, 102) 
de repartition d'intensite est corrige sur la base de 
ladrte detection dudit second capteur (37) de repar- 
tition d'intensite. 

Appareil selon la revendication 9, dans lequel ledit 
moyen de detection d'intensite comprend un cap- 
teur (37) de repartition d'intensite dispose adjacent 
au plan d'image dudit systeme optique de projection 
(31). 
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Appareil selon la revendication 6 ou 7, dans lequel 
les intensites de la partie centrale et des parties le 
long des premier et second axes sont h peu prds 25 
nulles. 



Appareil selon la revendication 6, 7 ou 8, comprer 
nant en outre un moyen (42. 37) destine k detecter 
les intensites dans lesdites quatre sections (2a, 2b, 
2c. 2d), et un moyen destine k regler le rapport des 
intensites desdites quatre sections. 
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6^12. dans lequel ledit moyen formant source de 
lumiSre comprend (i) un integrateur optique (19), 
comportant une surface de reception de lumiere et 
une surface d'emission de lumidre, destine k rece- 
voir par ladite surface de reception de lumiere de la 
lumiere provenant d'une source de lumiere primaire 
et k divlser la lumidre re9ue pour fournir plusieurs 
faisceaux de Iumi6re issus de ladite surface d'emis- 
sion de lumiere. et (ii) un moyen (18. figure 6A) for- 
mant diaphragme, comportant quatre ouvertures, 
dispose adjacent k I'une de ladite surface de recep- 
tion de lumidre et de ladite surface d'emission de 
tumiere dudit integrateur optique (19) pour d6finir 
les quatre sections (2a, 2b. 2c. 2d) de ladite source 
de lumiere. 

14. Appareil selon I'une quelconque des revendications 
6^12, dans lequel ledit moyen formant source de 
lumiere comprend (i) un integrateur optique (19), 
comportant une surface de reception de lumidre et 
une surface d'emission de lumidre, destine k rece- 
voir par ladite surface de reception de lumiere de la 
lumiere provenant d'une source de lumiere primaire 
et k diviser la lumiere re^ue pour fournir plusieurs 
faisceaux de lumiere issus de ladite surface d'emis- 
sion de lumiere. et (ii) un moyen (17, figure 5A) for- 
mant diaphragme, en forme de croix, dispose adja- 
cent k I'une de ladrte surface de reception de lumie- 
re et de ladite surface d'emission de lumiere dudit 
integrateur optique (19) pour d6finir les quatre sec- 
tions (2a, 2b. 2c. 2d) de ladite source de lumiere. 

15. Appareil selon Tune quelconque des revendications 
6^14. dans lequel ledit moyen formant source de 
lumiere comprend une lampe (11), un miroir ellipti- 
que (12) destine k refiechir la lumiere issue de la 
lampe et un integrateur optique (19) edaire par la 
lumiere refiechie par ledit miroir elliptique. 

16. Appareil selon I'une quelconque des revendications 
6^13, dans lequel ledit moyen formant source de 
lumiere comprend une source de lumiere primaire 
(11, 12) et un premier integrateur optique (172) 
6clair6 par de la lumiere issue de ladite source de 
lumiere primaire, et un second integrateur optique 
(174) eclaire par de la lumiere issue dudit premier 
integrateur optique (figure 21). 



17. 



50 



S5 



Appareil selon I'une quelconque des revendications 
6 e 12, dans lequel ledit moyen (11 e 19) formant 
source de lumiere comprend une source de lumiere 
primaire (11, 12), un moyen de division de lumiere 
(101,181,61) destine k diviser la lumifere issue de 
ladite premiere source de lumiere en quatre fais- 
ceaux, etun integrateur optique (19) eclaire par les- 
dits quatre faisceaux. 



1 3. Appareil selon I'une quelconque des revendications 18. Appareil selon la revendication 17. dans lequel ledit 
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moyen de division de lumidre comprend un faisceau 
de fibres (101, 181) int6gr6 d'un c6t6 de reception 
de Iumi6re et divis6 d'un c6X6 ^ partir duquel it 6met 
la lunni&re. 

1 9. Appareil selon fa revendication 1 7, dans lequel ledit 
moyen de division de Iumi6re comprend un prisme 
(61 ) de forme pyramidale. 

20. Appareil selon la revendication 17. dans lequel la- 
dite source de lumi^re primaire est un laser (81), et 
ledit moyen de division de Iumi6re comprend un 
moyen (82) destin6 d rendre les quatre faisceaux 
incoh6rents. 

21 . Appareil selon la revendication 20, dans lequel ledit 
laser (81 ) est un laser excimfere. 

22. Appareil selon I'une quelconque des revendications 
6^12, dans lequel ledit moyen (11^19,71) formant 
source de Iumi6re forme les quatre sections (2a, 2b, 
2c, 2d) de mani^re s^quentielle (figure 8). 

23. Appareil selon I'une quelconque des revendications 
6^12, dans lequel ledit moyen fornnant source de 
lumidre comprend plusieurs sources de lumidre pri- 
maires(11a, lib, 11c, 11d)etun integrate ur opt ique 
{19a, 19b, 19c, 19d) 6clair6 par quatre moyens is- 
sus des sources de Iumi6re primaires. 

24. Appareil selon la revendication 23. dans lequel ledrt 
moyen formant source de lumiSre comporte quatre 
sources de lumiere primaires (11a, lib, 11c, lid; 
figure 12). 

25. Appareil selon I'une quelconque des revendications 
17 ^ 21, 23 et 24. dans lequel ledit int6grateur op- 
tique comporte quatre sections (1 9a, 1 9b, 1 9c, 1 9d) 
dispos^es s6par6ment Jes unes des autres. 



26. 



Appareil selon Tune quelconque des revendications 
6 6 13, dans lequel ledit moyen fornnant source de 
lumidre comporte un int^grateur optique (19) in- 
cluant un groupement de lentilles et un diaphragme 
(IB) disposes adjacents h Tintdgrateur optique et 
comportant quatre ouvertures correspondant aux 
quatre sections de la source de Iumi6re, et dans le- 
quel un bord de I'ouverture s'6tend le long d'une 
section transversale de la lentille dudit groupement 
de lentilles. 



27. Appareil selon Tune quelconque des revendications 
6 & 13, dans lequel ledit moyen (11 6 19) formant 
source de lumidre est capable (50) de changer la 
source de Iumi6re ayant les quatre sections en une 
autre source de lumidre ayant une repartition d'in- 
tensit6 diff6rente de celle de ladite source de Iumi6- 
re (figure 16). 
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28. Appareil selon la revendication 27, dans lequel ledit 
nrKjyen formant source de lumiSre comporte un m6- 
canisme (50, 18) destind^ introduire s6lectivement 
dans le trajet optique des premier et second 
diaphragmes (18a, 18b) ayant des ouvertures cor- 
respondant aux repartitions d'intensit6 des sources 
de lumifere. 

29. Appareil selon )a revendication 28, dans lequel ledit 
moyen formant source de Iumi6re comporte un in- 
tdgrateur optique (19) incluant un groupement de 
lentilles, et dans lequel lesdits premier et second 
diaphragmes (18a. 18b) sont introduits dans le tra- 
jet optique adjacent ^ rin16grateur optique. et dans 
lequel les bords des premiere et seconde ouvertu- 
res sont prolongds le long d'une section transver- 
sale de lentille du groupement de lentilles. 

30. Appareil selon la revendication 28, dans lequel ledit 
moyen formant source de Iumi6re comprend une 
source de Iumi6re primaire (11, 12) et un objectif 
zoom (65) ^clairant un intdgrateur optique (1 9) avec 
de la lumiSre issue de ladite source primaire, et 
dans lequel lesdits premier el second diaphragmes 
(18a, 18b) sont introduits dans le trajet optique ad- 
jacent k I'int^grateur optique (figure 20). 

31. Appareil selon I'une quelconque des revendications 
23 k 29, dans lequel ledit moyen formant source de 
lumiere comprend une source de Iumi6re primaire 
et un prisme (61 ) de forme pyramidale pouvant etre 
introduit dans le trajet optique, pour diviser la lumi6- 
re issue de ladite source de lumidre primaire en 
quatre faisceaux (figure 18). 



32. 
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Appareil selon la revendication 31 , dans lequel ledit 
nrrayen formant source de lumifere comprend deux 
syst6mes de lentilles (150, 162) introduits dans le 
trajet optique de fagon altem6e en relation muluelle 
avec le prisme (61) de fonne pyramidale. 



33. Appareil selon les revendications 27, 28 ou 29, 
dans lequel ledit moyen formant source de lumifere 
comprend une source de lumiere primaire, et un 
moyen de division de lumidre destin6 k diviser la 
lumifere issue de ladite premiere source de lumiere 
en quatre faisceaux, et dans lequel ledit moyen de 
division de lumidre comprend quatre faisceaux de 
fibres (181a, 181b. 181c. 181d) qui sont r6unisd'un 
cfit6 de reception de Iumi6re, et s6par6s d'un c6t6 
d'dmission de Iumi6re (figure 22). 
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Appareil selon la revendication 27, 28, ou 29, com- 
prenant en outre un moyen (151, 122) destine 6 cor- 
riger la non-uniformit6 d'6clairement se produisant 
lorsque Ton change la source de lumidre compor- 
tant quatre sections en une autre source de Iumi6re 
ayant une repartition d'intensite diffdrente. 
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35. Appareil selon la revendication 34, dans lequel ledit 
moyen de correction connporte une lentille (122) 
mobile le long du trajet optique. 

36. Appareil seloh la revendication 35, dans lequel ledit s 
moyen formant source de lumidre comprend une 
source de lumidre primaire (11, 12), un int6grateur 
optique (1 9) 6clair6 par de la Iumi6re issue de ladite 
source de Iumi6re primaire, et ladite lentille mobile 

(1 22), dans un trajet optique de la lumifere issue de io 
I'int^grateur optique (19). 

37. Proc6d6 de fabrication de microdispositifs, incluant 
une 6tape d'impression d'un motif de dispositif sur 
une pi6ce d'oeuvre par un proc6d6 tel que d6fini '5 
dans I'une quelconque des revendications 1^5. 

38. Proc6dd de fabrication de microdispositifs. incluant 
une 6tape d'impresslon d'un motif de dispositif sur 
une pi6ce d'oeuvre en utilisant un appareil, tel que 20 
d6fini dans Tune quelconque des revendications 6 

k 36, utilisant la source de lumidre ^ quatre sections 
(2a, 2b, 2c, 2d), 
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FIG. 5B 



FIG. 5C 
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FIG. 14 
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